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INTRODUCTION

Space Communications: Theory and Applications is a four-volume bibliography compiled by the Federal
Systems Division, IBM under contract to the National Aeronautics and Space Administration. It contains an

extensive listing of references to reports, articles, and books on several subjects directly pertinent to the

field of space communications. The compilers have endeavored to provide maximum coverage of the liter-

ature for the period 1958 through 1963. However, references to publications of unusual significance that

appeared before 1958, as well as a limited number of 1964 references, have also been included. The bibli-

ography has been prepared primarily for use by communications specialists engaged in technical activities

related to the aerospace program. Each of the four volumes is complete in its coverage of specific subjects
and is being published separately.-

Volumes 1, 2, and 3 are devoted primarily to a theoretical consideration of their subject matter but, when
appropriate, references pertaining to applications are also included. Volume 4 contains references to four

important and timely applications of space communications. The NASA Special Publication numbers and
the particular subjects of each volume are as follows:

NASA SP-7022(01) Volume 1

NASA SP-7022(02) Volume 2

NASA SP-7022(03) Volume 3A
3B

NASA SP-7022(04) Volume 4A
4B

4C

4D

Modulation and Channels

Coding and Detection Theory

Information Processing

Advanced Techniques

Communications Satellites

Instrumented Satellites

Deep Space Applications

Manned Space Flight Applications

Each volume contains a Table of Contents for that particular volume and a separate Table of Contents for

the complete set of four. For additional reference aid, a subject index is included in each volume. A listing

of abbreviations (established by Science Abstracts, Section B, Electrical Engineering Abstracts, London) of

widely used journals and periodicals is included in each volume, for the purpose of identifying source
documents.

Arrangement of references in the bibliographic listing is based on subjects in accordance with the Table of

Contents. Under each specific topic, references are divided into "Principal Publications" and "Related

Publications." Within each of these categories, references are listed in chronological order and, when

further separation is necessary, by individual author. Each citation to a reference is accompanied by an
annotation if the title of the reference is not sufficiently informative. Whenever possible, annotations included

in this bibliography have been extracted from the original reference or from its abstract.

For additional information concerning the structure and function of the Table of Contents, and for a detailed

description of the arrangement of references, the user is referred to the "User's Guide" which follows this
Introduction.
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AVAILABILITY OF DOCUMENTS

Heferences cited in this bibliography are available for examination in the designated

issues of the original journals. Copies of particular issues may be borrowed from libraries

maintaining sets of these journals. In some instances, reprints may be obtained by writing

to the editorial office of the journal.

Copies of NASA SP-7022(01), the first volume of S_oace Communications: Theory and

Applications, can be obtained from NASA (Code ATSS-A), without charge, by NASA offices

and contractors, U. S. Government agencies and their contractors, and organizations that

are working in direct support of NASA programs.

Other organizations and individuals can purchase copies of NASA SP-7022(01) from the

Superintendent of Documents, U. S. Government Printing Office, Washington, D.C, 20402.

iv



o

USERS GUIDE

The Table of Contents for each volume best illustrates the general structure of the volume and the arrange-

ment of its contents. The main subject is synonymous with the subtitle of the volume and is designated by

the number 1, 2, 3 or 4. Each volume or subject (1) is divided into divisions (1.0, 1.1, 1.2, etc.), sections

(1.10, 1.11, 1.12, etc.) and finally, into subdivisions (1.110, 1.111, 1.112, etc.).

Arrangement of references and other text under the four categories is as follows:

_: A general description of the contents of the entire volume which briefly

identifies all important subtopics.

Division 1.1: A more detailed statement of content is usually presented with emphasis on the

fundamental aspects of the topics to be considered. Specific references to related sections

and subdivisions are included.

Section 1.10: An explanatory note is provided, when appropriate, to describe a single topic

covered in detail in the following subdivisions.

Subdivision i.i00: This is the most limiting level of categorization and will normally contain

a complete compilation of information on a specific topic. It opens with a statement that

identifies the types of references Included and the types that are Not Included. Cross-reference

instructions follow and refer only to those related sections or subdivisions that appear in the

same volume. Finally, all citations and annotations appear in this category, divided into two

groups: Principal Publication and Related Publications. The last digit of the subdivision

number has special significance in the listing of pertinent references. For example, if the

complete category number is 1.111, the final "1" signifies that references pertaining to the

fundamental and theoretical aspects of the subject appear under it. If the last digit is "7" or

"8", the references which appear under it will pertain to specific applications related to the

topic under discussion. Similarly, testing and simulation references are denoted when the

last digit is "9". The user may note that all of the final digits in a category are not used in

the bibliography. This apparent omission does not mean that divisions, sections, or sub-

divisions are missing but that pertinent references have not been identified at this time.

However, the unused numbers have been assigned and if relevant references appear in the

future, they can be incorporated in a supplementary or revised issue of the bibliography.

The index for each volume is constructed on a two-tier basis, i.e., a major subject or technical expression

and those supporting expressions that are directly associated with the major subject. A special effort has

been made to retainthe original terminology of authors in the index. New terms and translations of foreign

terms, as used by individual authors, have been mixed with older and more familiar expressions and are

included in the index in proper alphabetical order.

Duplicate entries to the same reference will be found occasionally within a subdivision. The user will note

that both entries are included because different sources are identified and the repetition may provide more

convenient access to the document. Defense Documentation Center (DDC, formerly ASTIA) documents are

designated AD, followed by six digits. NASA documents are designated N62 (or N63, N64) followed by five

digits. AIAA documents are designated A62 (or A63, A64) followed by five digits.

Titles of foreign language citations have been translated into English.



ABBREVIATIONS OF PRIMARY SOURCE DOCUMENTS

AIEE - American Institute of Electrical Engineers

Conf. - Conference

Cony. - Convention

Engng. - Engineering

IEE - Institution of Electrical Engineers

IEEE - Institute of Electrical and Electronic Engineers

Inst. - Institute

Instn. - Institution

Internat. - International

IRE - Institute of Radio Engineers

J. - Journal

Nat. - National

Proc.- Proceedings

Rec. - Record

Symp. - Symposium

Trans. - Transactions

Ann. Radioelect. - Armales de Radioelectricite

Arch. Elekt. Ubertragung - Archiv der Elektrischen Ubertragung

Avtomat. i Telemekh. - Avtomatika i Telemekhanika

Bell Syst. Tech. J. - Bell Systems Technical Journal

Elektron. Rundschau - Elektronische Rundschau

IRE Trans. Comp. Parts - IRE Transactions Component Parts

IRE Trans. Commun. Syst. - IRE Transactions Communications Systems

IRE Trans. Electronic Cornp. - IRE Transactions Electronic Components

IRE Trans. Inform. Th. - IRE Transactions Information Theory

IRE Trans. Microwave Th. Tech. - IRE Transactions Microwave Theory and Techniques

IBM J. Res. Developm. - IBM Journal of Research and Development

J. Appl. Phys. - Journal of Applied Physics

JPL Res. Summ. - JPL Research Summary

JPL Space Progr. Summ. - JPL Space Program Summary

Nachrichtentech. Z. - Nachriehtentechnische Zeitschrift

Proc. Electronic Comp. Conf. - Proceedings Electronic Computer Conference

Radio Engng. - Radio Engineering

RCA Rev, - RCA Review

Rec. Nat. Commun. Symp. - Record National Communications Symposium

Rev. Sei. Instrum. - Review of Scientific Instruments

Teleeomm. Radio Engng. - Telecommunications and Radio Engineering
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4

SUBJECT 1

MODULATION AND CHANNELS

Subject 1 deals with the theoretical and practical aspects of signal formation methods for transmitting informa-

tion over communications channels. It also contains references to the characteristics of practical communi-

cations channels• Coding, i.e., information processing for communications purposes, and multiplexing and
detection methods are combined as subject 2 in the next volume of this series. The actual modulation and

demodulation circuits and references to equipment are not included in this series of volumes.

The emphasis in selecting references is on their importance for space communications. However, it is well

known that all frequency ranges from VLF to microwaves and optical frequencies have applications in space

missions. This also applies to practically every known modulation method• This volume will therefore be

representative of documentation, from 1958 to 1963, in modulation and channels for communications with

actual or potential applications in space missions•

DIVISION 1.1

FUNDAMENTALS AND COMMUNICATIONS THEORY

Division 1.1 is the general theoretical division of the subject. Any references to fundamental problems which

concern several of the following divisions are included here. References to more specialized analytical

publications are assigned to special sections or subdivisions within the respective divisions• For example,

the general theory of signal space is here in 1. 140, while the special theory of elementary signals for digital
waveforms is in 1.3.

Statistical mathematics and the theory of random variables is of principal importance in many phases of space

communications. Selected references in this area have been included in the subdivisions of section 1.11 below,

but the reader is advised to consult the references in subdivision 1. 110 for further guidance.

Section 1.10

General Problems in Modulation and Channels

1. 100: References to Modulation in General

Included: Books on modulation; Surveys on transmission techniques.

Not Included: Publications on electronics in general; Radio techniques in general.

Cross References: Books and surveys on communication and information theory (1. 120); Books

and surveys on noise and disturbances (1. 701); Comparisons on modulation methods (1. 800); General
references on multiple modulation methods (1. 902).

Principal Publications:

MODULATION THEORY

H. S. Black, Princeton, N. J., D. Van Nostrand,
1953, 538 p.

TRANSMISSION AND INFORMATION THEORY

S. Weber, Electronics, vol. 32, no. 43, May 1959,
p. 106/108.

Transmission Rate - Reception Theory -

Pulse Code Modulation - Battle for Bandwidth -

Speech Compression.

INFORMATION TRANSMISSION, MODULATION,

AND NOISE: A UNIFIED APPROACH TO

COMMUNICATION SYSTEMS

M. Schwartz, McGraw-Hill Book Co., Inc.,

1959, 461p.

Information Transmission, modulation, and

noise; a unified approach to communication

systems.

RESEARCH ON THE THEORY AND UTILIZA-

TION OF VARIOUS PHENOMENA IN THE

PERFORMANCE OF CIRCUIT FUNCTIONS.

C. Volz et al., Solid Circuits Res. Lab., Penn.

State U., Col. of Engrg., University Park,

Penn., Scientific rept 7, 1 Feb.-i May 1960,

36 p., AD 243 596

• . . classifying circuit operations: (1)

physical considerations and common engineer-

ing concepts (2) mathematical properties . . .

The conveyance of in.formation from input to

to output is deemed the common purpose of

all physical systems. The concepts of subject

and transport were originated in recognition

of the purpose and are intended to express

precisely how the information is conveyed.
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INFORMATION HANDLING AND PROCESSING

IN LARGE COMMUNICATIONS SYSTEMS

W. F. Leubbert, Stanford Electronics Labs.,

Stanford U•, Calif., Technical rept. no.

099-1, 11 July 1960, AD 243 676.

• . . demonstrated that communications

systems can be viewed as information processing

systems with rather different characteristics
from conventional one-location data processors,

and that both communications and conventional

systems can be viewed as special cases of a more

general type of system• Von Neumann's concept

of interchangeability of program and data in com-

puters can be extended to interchangeability of

system and user information in communications

systems. The result would be entirely new

dimensions for planning and techniques for over-

coming some of the most severe limitations of

current communications systems.

ELECTRONIC CIRCUITS, SIGNALS AND

SYSTEMS

S. J. Mason & H. J• Zimmerman, New York,

J. Wiley & Sons, Inc., 1960, 611 p.

PROCEEDINGS SYMPOSIUM ON THE APPLICA-

TION OF LOW NOISE RECEIVERS TO RADAR

AND ALLIED EQUIPMENT VOLUME II.

JOINTLY SPONSORED BY CANADA, THE
UNITED KINGDON AND TIlE UNITED STATES•

Lincoln Lab., MIT, Lexington, 22 Nov. 1960,
AD 248 691.

CRITERION PROBLEM IN DATA TRANSMISSION

M• A. Rappeport, IEEE Paper No• 63-534, Feb•

1963, 35 p.

STANDARDIZED METItOD FOR DETERMINA-

TION AND PRESENTATION OF QUANTIZED

COMMUNICATION REQUIREMENTS

ITT Communication Systems, Inc., Paramus,

N. J., Rept. no. ICS-62-MGT-36, June 1962,

57 p. , AD 295 574.

• . . Ray communication data must be quantizcd

in order to take advantage of EDP applications to

design problems (filemaintenance and information

retrieval) .... program of developing and ana-

lyzing Air Force Communications requirements.

MOD U1,ATION METItODS

R• A. ltcising, Proc. IRE, vol. 50, May 1962,

p. 896/901.

AN INTRODUCTION TO M()I)III,ATION, COl)IN(I,

INFORMATION TItEORY, AND I)ETFCTION

G. Raisbcck, Arthur D. Litth_, Inc., C,_mbridt,e,

Mass., Dec. 1962, 80 p• , AD 415 178.

• . . expository essary on information theory

for engineers interested in comnmnications, sonar,

and radar who have no specialized knowledge of

statistical communication theory .... quantity

of information and channel capacity are defined

and explained in simple terms ....

DISCUSSION: MODULATION OR CODING

G. P• Divnogortsev, Radio Engng: Transl. of Radio-

tekhnika, vol• 18, no. 7, July 1963, p. 71/72.

It is known . . . that "modulation is a process

having as its purpose the translation of the

spectrum of a low-frequency signal into the high-

frequency range so that the signal can be trans-

mitted by radio facilities, " . . .a number of

papers have recently appeared . . . which, with

very little foundation and quite unnecessarily,

attribute the concept of modulation to processes

having nothing in common with translation of a

signal spectrum .... such terms as phase-

difference modulation (PDM), relative phase

modulation (RPM), relative frequency modulation

(RFM) and relative amplitude modulation (RAM).

• . . are but addition of signal coding equipment

at the input and output of the old systems ....

PROBLEMS OF CYBERNETICS (Translation)

A. A. Lyapunov, Joint Publications Research

Service, Washing-ton, D. C., JPRS-20780,

Aug. 23, 1963, 297p., 148 refs., N63-20662.

• . . Information and coding theory . . .

Programming the process of musical composition,

transformation of program schemes and their

use in programming . . .

COMMUNICATION SYSTEMS TECtlNIQUE

BASED ON FUNDAMENTAL CONCEPTS

OF JACQUES HADAMARD

R. G. Segers, Vitro Labs., West Orange, N. J.,

Final rept., 10 June 1963, 70 p., AD 406 902.

A variety of fundamental investigations, with

common analytical foundation in the work of

Jacques Hadamard, was conducted for the purpose

of development of advanced communications

systems .... demodulation problem as formu-

lated in a system of integral equations by D. C.

Youla .... communication techniques derivable

from incidence matrices of balanced incomplete

block desig_ configurations.

IDENTIFICATION PROBLEMS IN COMMUNI-

CATION AND CONTROL SYSTEMS

L. A. Zadch, et al., Princeton U., N.J. ,March

1963, 231 p., AD 416 359•

• . . conference was to consider problems

underlying the areas of communication and con-

trol theory . . . connected with the identification of

signals and systems . . . mathematical aspects

• . . difficulties involved in relating the purely

mathematical forms of such representation to

the models of physical systems.
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Section 1.11

Fundamentals of Statistical Mathematics

This section contains, in eight subdivisions, a number of selected references relating to the mathematical

fundamentals of many important communications problems• Statistical mathematics has increasing applica-

tions in practical space communications problems and special subdivisions (I. 117 and i. 119) have been

established to present references to tables and graphical and experimental procedures.

It is unavoidable that the field of the following subdivisions overlap; the reader is advised to check them all.

He is also reminded that many more references will be quoted in the books, surveys and principal articles

mentioned below.

I. 110: General References to Statistical Mathematics as Applicable to Modulation and Channels

Included: Algebra of stochastic quantities; Time statistics of random processes; Statistical compu-

tations in general; Probability theory in general; Mathematical statistics; Time series analysis,

statistical problems; Statistical analysis in general•

Not Included: Statistical detection theory (2); Statistical description of information sources (2); Data

processing devises for statistical computations (3A); Simulation of statistical processes (3A);

Statistical characteristics of control systems; Statistical circuit theory.

Cross References: Time series analysis for sampled data transmission systems (i. 411); Statistical

description of communication channels (1. 611); Statistical description of noise and disturbances

(Sect. i. 71); Statistical description of modulated signals (1.210); Statistical information theory

(Sect. i. 12).

Principal Publications:

METHODS OF SOLVING NOISE PROBLEMS

W• R. Bennett, Proc. IRE, vol. 44, May 1956,

p. 609/638.

THEORY OF RANDOM FUNCTIONS AND ITS

APPLICATION TO PROBLEMS OF AUTO-

MATIC CONTROL

V• S. Pugachev, Moscow, Fizmatgiz, 1957, 730 p.

• . . English translation of the first edition of

this Russian test, published in Moscow in 1957.

A second Russian edition (1960) has been issued

and Pergamon Press plans to publish a transla-

tion .... The first eight chapters present . • .

fairly standard material on probability and random

processes . . . The next three chapters (9-11)

provide additional material on random processes,

particularly stressing Pugachev's work on what

he calls canonical exTpansions of random proces-

ses .... The mathematical development in

these chapters is not as careful as in the earlier

sections of the book .... In the next four

chapters (12-15) the problem of noise through

linear and nonlinear systems is treated ....

The next chapter, Ch. 16, is the longest in the

book, and treats in great generality the problem

of minimum mean-square filtering and prediction•

A generalized formulation is given covering the

work of Zadeh and Ragazzini, Davis, Booton,

and others .... The final chapter discusses

some methods of calculating statistical param-

eters from experimental data .... The

English-language texts closest to Pugachev's in

spirit and content are those of Laning and Battin,

and of Y. W. Lee ....

TIME STATISTICS OF NOISE

W. M. Brown, IRE Trans. Inform. Th., vol.

IT-4, no. 4, Dec. 1958, p. 137/144.

• . . measurements on a noise are usually

time averages of the signals . . • called time
statistics.

PROBABILITY & INFORMATION (Monographies

Dunod, No. 20) (In French)

A. M. Yaglom & I. M. Yaglom, Paris 6, France,
Dunod, 1959, 175 p.

INFORMATION TIIEORY AND STATISTICS

S. Kullback, New York, John Wiley &

Sons, Inc., 1959, 395p.

PROBABILITY THEORY IN TELEPHONE

TRANSMISSION

B. B. Jacobsen, Elect• Commun., vol. 35, no.

4, 1959, p. 266/268.

Telephone switching problems . . . long-

distance telephone transmission . . .

TIME SERIES ANALYSIS

E. J. IIannan, New York, John Wiley & Sons,

Inc., 1960, 152 p.

• . . an introduction to the statistical analysis

of stationary second-order time series in dis-
crete time ....

MODERN PROBABILITY THEORY AND ITS

APPLICATIONS

E. Parzen, New York, John Wiley & Sons, Inc.,
1960, 464p.

ON COMMUNICATION PROCESSES INVOLVING

LEARNING AND RANDOM DURATION

R. Bellman, et al., Rand Corp., Santa Moniea,

Calif., rept. ]?-1194, 23 Jan. 1958,

AD 244 750.

• . . problems within the framework of multi-

stage processes of stochastic type, and as such

may be treated by the theory of dynamic pro-

gramming .... how to treat communication

problems involving the use of a channel whose

statistical properties are not completely known

• . . to show how quite general processes can be

treated in unitary fashion by the functional equa-

tion technique of dynarnic programming.



w

1.110

THEORY OF RANDOM PROCESSES AND ITS

APPLICATION IN RADIO ENGINEERING

(In Russian) (Second Edition)

B.R. Levin, Moscow, Izd. Sovestskoye Radio,

1960, 664 p.

• . . minimum required information from

probability theory.., examples from radio

_ngineering which illustrates the application of

+hods of probability theory in solving a number

-cific radio engineering problems ....

PROCEEDINGS OF THE FOURTH BERKELEY

SYMPOSIUM ON MATHEMATICAL STATIS-

TICS AND PROBABILITY, VOLUME I:
TtlEORY OF STATISTICS

J. Neyman (editor), Univ. of California Press,

1961, 767 p.

AUTOCORRE LATION AND SPECTRAL ANA LYSIS

(IN: Mathematical Methods for Digital

Computers, A. Ralston and H. Wils, editors)

R.W. Southworth, New York, John Wiley &

Sons, Inc., Sept. 1959, p. 213/221.

SELECTED TOPICS IN THE THEORY OF

FLUCTUATIONS IN RADIO ENGINEERING

(In Russian. )
R. L. Stratonovich, Moscow, Sovetskoye Radio

Press, 1961, 560 p•

Explained . . . is the mathematical apparatus
used to investigate fluctuations in different types

of equipment .... there are analyzed typical

cases of the effect of a siglml and fluctuation on

linear and nonlinear systems. There is con-

sidered the effect of a signal and noise on a radio

receiver .... analysis of the operation of an

oscillator in the presence of fluctuations. Re-

suits . . . of an investigation of the noise spikes

and their influence on the operation of electronic

relays is analyzed .... intended for scientific

workers, engineers and students . . .

STATISTICAL ANALYSIS AND OPTIMIZATION

OF SYSTEMS

E. L. Peterson, New York, John Wiley & Sons,

Inc., 196i, 190p.

• . . theory and methods underlying the

analysis, synthesis, and optimization of systems
in which statistical uncertainty is involved in the

process dynamics .... recent work in control

systems is reflected throughout this book ....

NONLINEAR TRANSFORMATIONS OF RANDOM

PROCESSES

R. Deutseh, Englewood Cliffs, N. J., Prentice-

tfall, Inc., 1962, 138 p.

• . . few selected topics . . . are as follows:

"Envelopes and Pre-Envelopes": Hilbert transforms

and application. "Characteristic Function Method":

"Correlation Function Method" : "Multiplication and

Power Law Devices": "Modulation and Detection":

"Sampling Theorem" . . .

ZEITSCHRIFT FUR WAHRSCHEINLICHKEITS-

THEORIE UND VERWANDTE GEBIETE

(Journal of Probability Theory and Related

Arts) (In German• )

L. Schmetterer (editor), Berlin, Springer-

Verlag, 1962.

SOME STATISTICAL THEORY FOR THE

ANALYSIS OF RADIO PROPAGATION

DATA

M• M• Siddiqui, J• Res. Nat. Bur. Stand.. vol.

66D, no. 5, Sept.-Oct. 1962, p. 571/580.

The statistical theory of stationary processes

has wide applications in the analysis of radio-

wave propagation data. Assuming knowledge
of the basic concepts of probability theory,

characteristics of stationary processes such

as covariance and spectral density functions

were developed, problems of estimating these

characteristics were tackled, and numerous

examples were worked out to illustrate the

theory.

NOISE AND RANDOM PROCESSES

J. R. Ragazzini, et al., Proc. IRE, vol• 50,

May 1962, p. 1146/1151.

THE THEORY OF PROBABILITY (Second Edition)

B. V. Gnedenko, New York, Chelsea, 1962,

459 p.

Gnedenko's book . . . translated into English.

• . . the variety of topics treated is quite

different from that of any competitor, and it

should prove very useful•

AN INTRODUCTION TO TttE THEORY OF

STATIONARY RANDOM FUNCTIONS

A. M. Yaglom, Englewood Cliffs, N. J., Prentice-

Hall, Inc., 1962, 235 p.

• . . translation is remarkably lucid and

readable, and the original work has been further

enhanced by an expanded bibliography, numerous

explanatory footnotes, and special Appendices

written for the English edition. The original

version of this book was published a decade ago

as a long review article in the Russian journal

Uspekhi Mathematicheskikh Nauk (vol• 7, no. 5;

1952) .... Revised English edition translated

and edited by R. A. Silverman.

OPTIMIZING STATISTICAL ANALYSIS: DATA

SCREENING AND PRECONDITIONING

A. J. Scott, Northwestern Univ., Evanston, Ill.,

Feb. 1964, 47p., AD433 551.

LECTURES ON ELEMENTARY STATISTICS

AND PROBABILITY

D. J. Hudson, European Organization for Nuclear

Research, Geneva, Switzerland, Aug. 15,

1963, 107 p., N64-10153.

• . . Presented in the classical way . . .

Some statistical concepts are introduced which

form the basis ofthemore advanced science of

statistical inference.
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• RANDOMPROCESSESINCOMMUNICATION
ENGINEERING(IN:SymposiumonEngineering
ApplicationsofRandomFunctionTheoryand
Probability,First,Proceedings•)

D. Slepian,NewYork,JohnWiley&Sons,Inc.,
1963,p. 389/421,14refs.,A63-14772.

• . . resultsaregeneral,applyingtoGaussian
andnon-Gaussiannoisesandmodulatedandun-
modulatedsignals,andallowimportantconclu-
sionstobereachedconcerningthevalueof
p0wer-lawdevicesincommunicationsystemsin
varioussignalandnoiseenvironments....

Surveyhistoryoftheartofdesigningandcon-
structingelectricalcommunication systems,

showing the mutual relationship between proba-

bility theory and communication engineering and

their concurrent development• This interrelation-

ship is illustrated in the fields of traffic problems,

the interaction of signals and noise, signal statis-
tics, and noise theory•

OUTLINE OF AN ALGEBRA OF STOCHASTIC

WAHRSCHEINLICHKEITSTHE ORIE (Probability

Theory) (In German. )

K. Krickeberg, Stuttgart, B.G. Teubner

Verlag., 1963, 200 p.

PROBABILITY ANALYSIS OF AUTOMATIC

CONTROL SYSTEMS, (Probability and
Statistical Characteristics of Actuations and

Processes. Linear Stationary and Non-

QUALITIES

W. Weibull, Sweden, (ASD TDR 63-63),

Jan. 1963, 57 p., AD 298 991.

THEORY OF RANDOM FUNCTIONS WITH

APPLICATION TO NOISE IN RADIO

stationary Systems• ) (In Russian. )

N. A. Livshits and V. N. Pugachev, Moscow,

Sovetskoye Radio, vol. 1, 1963, 896 p.

Related Publications:

RECEIVERS. (IN: Symposium on Engineering

Applications of Random Function Theory and

Probability, First, Proceedings.)

A. J. F. Siegert, New York, John Wiley & Sons,

Inc., 1963, p. 68/87, 14 refs., A63-14766.

Introduction to some of the concepts and

methods of random function theory. The math-

ematical treatment is heuristic using probability
densities rather than distribution functions•

Application to a class of problems arising in the

theory of noise is used to introduce a mathema-

tical description of random functions, and to show

the motivation for the definition of special types,

such as Gaussian and Markovian random functions.

STATISTICAL COMPUTATION AND STATIS-

TICAL AUTOMATA

G. Pask, Systems Research Ltd., London, 1963,

18 p., AD 408 196.

RANDOM PROCESSES IN CONTROL AND

COMMUNICATIONS

R. F. Drenick, IEEE Trans. Mil. Electronics,

vol. MIL-7, no. 4, Oct. 1963, p 275/280.

• . . surveys the main results of information

theory, and of related theories .... written

originally for the audience of Science ....

reprinted here at the suggestion of the Editor of

these Transactions, in the hope that it will be

diverting, and perhaps also instructive, to an

audience of engineers ....

A NOTE ON POWER-LAW DEVICES AND THEIR

EFFECT ON SIGNAL-TO-NOISE RATIO

C. N. Berglund, Queen's U., Belfast, Gt. Brit.,

Research rept. no. 62-3, Aug. 1962, 21 p.,
5 refs., AD 291 427.

RECOGNITION OF MEMBERSHIP IN

CLASSES

G.S. Sebestyen, IRE Trans. Inform. Th., vol.

IT7, no. 1, Jan. 1961, p. 44/50.

• . . A geometrical approach is taken where

membership in classes is regarded measurable

by metrics with which a set of points, repre-

senting different members of the same class,

may be brought "close" to one another. For

the case where classes are Gaussian processes,
the method described herein and that of decision

theory are found to agree. A practical applica-

tion of the method to the automatically "learned"

recognition of spoken numerals is described.

ARITHMETIC SIMULATION OF RANDOM

PROCESSES

A. G. Postnikov, Foreign Tech. Div., Air

Force Systems Command, Wright-Patterson

AFB, Ohio, FTD TT 62 1367, 4 June 1963,

98 p., AD 414 717.

THE FUNCTION SPACE POINT OF VIEW

IN TIME SERIES ANALYSIS

E. Parzen, Applied Mathematics and Statistics

Labs., Stanford U., Calif., 29 March 1963,

37 p., AD 404 896.

THE HEURISTICS OF DATA TRANSFORMA-

TION

H. E. Reinhardt, Mathematics Research Center,

U. of Wisconsin, Madison, MRC tech. sum-

mary rept. no. 355, Feb. 1963, 15 p., 9refs.,
AD 401 543.
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i. iii: Fundamentals of Random Processes

Included: Zero-crossing problem in general; Minimal variance estimates; Matrix pseudo inverse;

Theory of inverse moments; Inverse characteristic function; Constrained randomization; Axis crossing
intervals; Nonlinear transformations of random processes ; Band-limited processes in general; Price's

theorem; Stationary random processes; Fundamentals of correlation processes.

Not Included: Random parameters in control processes.

Cross References: Zero-crossing problems of Gaussian processes (i. 112); Cross-correlation and

auto-correlation of random signal functions (1. 210); Band-limited Gaussian noise (i. 714); Non-

stationary random processes (1. 114); Stochastic processes in general (1• 114); Experimental evalua-

tion of correlation characteristics (I. 119).

Principal Publications:

THE AXIS-CROSSING INTERVALS OF RANDOM

FUNCTIONS--II

J. A. McFadden, IRE Transactions Inform. Th.,

vol. IT-4, no• 1, March 1958, p. 14/24.

ON THE DETERMINATION OF THE NUMBER OF

SAMPLINGS AND THE APPROXIMATE

FUNCTION FOR STATIONARY RANDOM

PROCESSES

N. L. Sosenskiy, Radio Engng: Transl. of

Radiotekhnika, vol. 16, no• 8, 1961, p. 4/12.

TRANSFORM-ENSEMBLE METttOD FOR

ANALYSIS OF LINEAR AND NONLINEAR

SYSTEMS WITIt RANDOM INPUTS

Y. H. Ku, et al., Proc. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p. 441/455.

• . . presents a general transform-ensemble

method for a systematic analysis of physical sys-

tems with random inputs. The concept of the trans-

form of an ensemble average is introduced. It is
shown that for a certain class of linear and non-

linear systems with continuous random response

there exists a corresponding class of linear and

nonlinear random-walk problems.

It is shown that it is possible with the proper

transform to map a random process in one domain

into a simpler random process in another domain

to permit an easier solution of the problem. It is

now possible to obtain solutions of stationary

random processes and corresponding solutions of

non-stationary random processes. The philosophy

and proof of the transform of statistical quantities

is given as a theorem and illustrated with a num-

ber of examples•

MINIMUM COEFFICIENT RATE FOR STATION-

ARY RANDOM PROCESSES

L. L. Campbell, Inform. Control, vol. 3, no. 4,

December 1960, p. 260/371.

ZERO-CROSSING DISTRIBUTION OF STATIONARY

RANDOM SIGNALS

II. Debart, Cables & Transmission, vol. 14, no.

3, July 1960, p. 190/199.

OPTIMUM INTERVAL APPROXIMATION IN

TIME DOMAIN (CORRESPONDENCE)

S. K. Mullick, IRE Trans. Circuit Theory,
vol. CT-9, no. 3, Sept. 1961, p. 369/371.

A METRIC SPACE OF DISCRETE PROBA-

BI I,ITY DIS'FI{IBUTIONS

C• RajsM, Inform. Control, vol. 4, no. 4, Dec•

1961, p. 371/377.

A functional defined by means of entropy is
considered. It is shown that it is a distance in

the set of discrete probability distributions ....

By using the linear interpolation theory of

stationary random processes, we will solve the
problem of determination of the number of

samplings that are necessary to approximate a

stationary random process to a given degree of

accuracy ....

ASYMPTOTIC EIGENFUNCTIONS AND EIGEN-

VALUES OF A HOMOGENEOUS INTEGRAL

EQUATION

J. Capon, IRE Trans. Inform. Th., vol. IT-8,

no. 1, Jan. 1962, p. 2/4.

• . . of importance in the Karhunen-Loeve

expansion of second-order stationary random

functions .... for the case where the kernel

is the Fourier transform of a rational function

of _02....

TIlE REPRESENTATION OF NARROW-BAND

PROCESSES (CORRESPONDENCE)

M. Zakai, IRE Trans. Inform. Th., vol. IT-8,

no. 4, July 1962, p. 323/325.

The definition and properties of this repre-

sentation are usually derived by the method

originally used by Rice, namely through the

Fourier series representation of noise currents•

The purpose of this note is to derive representa-

tion (1) directly from the notion of analytic

signals and to derive some properties of this

representation ....

THE MATRIX PSEUDOINVERSE AND MINIMAL

VARIANCE ESTIMATES

C. M. Price, Aerospace Corpo, Los Angeles,

Calif., TDR169 3550 01TN2, SSD TDR 63 92,

25 March 1963, 14p., AD 405 938.

• . . The first section reviews and extends

certain known results concerning the matrix

pseudoinversc . . . The second section uses . . .

a generalized version of the Gauss-Markoff

Theorem concerning unbiased linear estimates

having minimal variance. In the third section

• . . theoretical founchtion for parameter esti-
mation in orbit determination work . . .
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BOUNDS FOR DISTRIBUTIONS WITH MONO-
TONE HAZARD RATE

R. E. Barlow, et al., Boeing Scientific

Research Labs., Seattle, Wash., D1 82 0247;

MN 292, May 1963, 77 p., AD 406 763.

POWER SPECTRA AND THEIR ESTIMATION,
WITH PARTICULAR REFERENCE TO DIS-

CRETE TIME SERIES RAVING AN UNKNOWN

TREND

H• H• Evans, Weapons Research Establishment,

Australia, Tech. note SAD-110, Feb. 1963,
35p•, 15 refs•, N63-17449•

• . . a technique is evolved for estimating the

spectrum of noise superimposed on an im-

perfectly known trend ....

SOME ASPECTS OF CONSTRAINED

RANDOMIZATION

G. J. Sutter, et al•, Iowa State U., Iowa City,

Interim technical rept., Jan. 1963, 30 p.,
AD 402 644.

ZERO-CROSSING INTERVALS OF RANDOM
PROCESSES

A. J• Rainal, Carlyle Barton Lab., Johns

Hopkins U., Baltimore, Md., Technical rept.
no. AF-102, April 1963, 4I refs., AD 401 148.

• . . Probabilities and probability densities

defined by the zero-crossing points of various

Gaussian processes are presented .... sine

wave plus a Gaussian process . . . correlation

coefficients for two successive intervals are pre-
sented. The first moments associated with the

probability densities are compared with the exact
theoretical values.

ON THE LENGTHS OF INTERVALS IN A

STATIONARY POINT PROCESS

J. A. McFadden, Journal of the Royal Statistical

Society, Series B (Methodological), 24:2, 1962,
p. 364/382.

• . . Two different random variables are intro-

duced for the lengths of intervals, according to

whether the measurement is made from an arbitrary

event or beginning at an arbitrary time, and their
properties are compared ....

THEORY OF INVERSE MOMENTS

Z. Govindarajulu, Case Inst. of Tech., Cleveland,

Ohio, Publication no. 1066, Sept. 1962, 24 p.,
AD 410 087.

The characteristic function for inverse moments

called the inverse characteristic function (inverse

c. f. ) is defined. Liafounov's inequality for in-
verse moments is obtained . . .

STATISTICAL DERIVATIONS OF COMPARISON

CORRELATION FUNCTION (Correspondence)
R.I. Levine, et al., Proe. IEEE, vol. 51,

no. 4, April 1963, p. 624/625•

INDUCTIVE PROBABILITY FROM A CLASSICAL

POINT OF VIEW (Correspondence)

B. Harris, Proc. IEEE, vol. 51, no. 3, March
1963, p. 476/477•

• . . Carnap's extension of Laplace's law of

succession .... there are no strong theorems

which indicate that this measure is basic.

Instead there are peripheral results which show

that this measure in intuitively satisfying ....

MEAN NUMBER OF CROSSINGS IN AN N-

THRESHOLD CIRCUIT

Y. A. Kashin, Radio Engng: Transl. of Radio-

tekhnika, vol. 18, no. 10, Oct. 1963, p. 8/13.

The problem of determining the probability
density of the simultaneous crossings of a set of

n-fluctuating processes with respect to n-

thresholds is formulated and solved ....

Examples of the mean number of crossings in

single-threshold and two-threshold systems for

correlated and noncorrelated noise are given.

APPROXIMATE DETERMINATION OF THE

DISTRIBUTION FUNCTION OF FADE

LENGTHS BELOW THRESHOLD LEVEL FOR

THE ENVELOPE OF THE SUM OF A DE-

TERMINISTIC SIGNAL AND GAUSSIAN

STATIONARY NOISE.

B. R. Levin, et al., Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 5, May 1963,
p. 20/26.

The distribution function of the axis-crossing
intervals for the envelope of the sum of a sinusoidal

signal and Gaussian noise by the first-approxima-
tion curve for noise alone when the intervals are

small and by an exponential curve when the inter-

vals are too large is approximated .... com-

pared with known experimental data as well as

with Rice's approximation method ....

THE ZERO-CROSSING PROBLEM

H. Levenbach, Queensland U., Australia, Sept.

1963, 103 p., AD 431 144.

An expository survey of the zero-crossing

problem is presented .... At present none of

the probabilities or probability densities can be

derived explicitly by analytical means .... to

demonstrate the complexity of the problem . . .

applied to the case of the Gaussian processes.

• . . Finally, a complete list of the mathematical,

physical, and engineering references is compiled,

including those of closely related topics.

THE REPRESENTATION OF A CLASS OF TWO
STATE STATIONARY PROCESSES IN TERMS

OF INDEPENDENT RANDOM VARIABLES

M. Rosenblatt, Brown U., Div. of Applied

Mathematics, Providence, R.I., Technical

rept. no. 9, March 1963, 17 p., AD 400 729.

ANALYSIS OF A STRUCTURE WITH A

RANDOM GEOMETRY

J. L. Sanders, Jr., Harvard U., Div. of

Engineering and Applied Physics, Cambridge,

Mass., Tech. rept. 16, April 1963, 11p.,
N63-17763.

A theoretical one-dimensional structure with

a random geometry is analyzed to outline the

problem of determining properties of physical
random structures...
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ON STATIONARITY CONDITIONS FOR A

CERTAIN PERIODIC RANDOM PROCESS

F. J. Beutler, J. Math. Anal. Appl., vol. 3,

no. i, Aug. 1961, p. 25, 36 refs., N64-15840.

A study was made of the statistical analysis

of a periodic signal x(t) accompanied by additive

noise (t) (assumed stationary and independent of

x(t) ).

A NEW METHOD IN THE PROBABILITY THEORY

OF NUMBERS (In Russian. )
E. V. Novoselov, Akademiia Nauk SSSR,

Izvestiia, Seriia Matematicheskaia, vol. 28,

March-April 1964, p. 307/364, 40 refs.,
A64-17122.

• . . theory of approximating the arithmetic

functions by the periodic ones. It is stated that

this theory not only belongs organically to the

polyadic analysis, developed earlier by the
author, but it can also be formulated both in

theoretical-numerical and probability terms•

The theory makes it possible to obtain in a new

way a great number of the known results from the

theory of numbers, together with the new ones.

ESTIMATES OF THE BISPECTRUM OF STATION-

ARY RANDOM PROCESSES

M. Rosenblatt, et al., Brown Univ., Providence,

R.I., Div• of Applied Mathematics, Rept. no.

TRII, March 1964, 83 p., AD436 818.

Recently interest has arisen in applications of

higher order spectra and in particular in the

bispectrum. Various nonlinear effects in random

phenomena are studied ....

A METHOD FOR THE IDENTIFICATION OF

STATIONARY LINEAR SYSTEMS AND RANDOM

SEQUENCES.

Y. Ho, Cruft Lab., Harvard Univ., Cambridge,

Mass., Rept. no. TR411, 30 April 1963, 14 p.,

AD 423 280.

A class of recursive schemes was proposed

previously for the identification of general linear

stationary system• The purpose is to explore,

in greater detail, the properties of this class of

identification methods and to fillin some of the

omitted proofs in the earlier note.

CERTAIN PROPERTIES OF RANDOM PULSE

PROCESSES (Translation•)

Y. I. Khurgin, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson AFB,

Ohio, FTD TT62 1147, 8 Oct. 1963, 9 p.,

AD 423 603.

Descriptors: (*Noise (Radio), Statistical dis-

tributions), (*Probability .... Analysis of

variance).

CUMULANT TRANSFORMATION AND ITS
POSSIBLE APPLICATIONS IN TIlE INVESTI-

GATION OF DYNAMIC SYSTEMS (In Russian. )

A• M• Tsirlin, Akademiia Nauk SSSR, Izvestiia,

Tekhnichcskaia Kibernetika, Nov.-Dec• 1963,

p• 93/100, A64-14242•

Discussion of an integ_:al transform whereby a
convolution of initial functions appears as a sum

of the transformed functions. This type of trans-

form is termed eumulant due to its analogy with

the relations between moments and eumulants in

the distribution law of a random quantity. An

analysis of the properties of the cumulant trans-

form shows 'hat it is best suited for the solution

of problems usually solved by means of logarith-
mic frequency characteristics, and yields sub-

stantial advantages over the latter technique.

STATISTICAL CHARACTERISTICS OF THE

LOGARITHM OF THE ENVELOPE OF A

RANDOM PROCESS

L• E• Kopilovich, Radio Engineering and Elec-

tronic Physics, March 1963, p. 436/439.
A64-10444.

• . . dependence between the statistical

characteristics of the logarithm of the envelope

of a random process and the envelope itself, or

its square, the power•

INFORMATION AND INFORMATION STABILITY

OF RANDOM QUANTITIES AND PROCESSES

M. S. Pinsker, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson AFB,

Ohio, FTD TT62 956, Aug. 1963, 248 p•,
AD 420 585.

Contents: • . . Probability Spaces • • • Sta-

tionary Random Processes in a Discrete Argu-
ment with a Finite Number of States • • •

Normally distributed Random Variables and
Processes-- . • . Gaussian Random Processes

THE STUDY OF CORRELATED RANDOM

VALUES

G. A• Stepan'yants, Air Force Systems
Command, Wright-Patterson AFB, Ohio

Foreign Technology Div., 13 Nov. 1962, 8 p.,

Transl. into English from Vopr. Avtomat.

Regulir., Dvizhushchikhsya Ob'yektov

(Moscow), Issue 139, 1961, p. 129/133,

AD 292 609, N64-16056.

• . . characteristics, other than the coefficient

of correlation, that can determine the relation-

ship between random values. It was concluded

that the parity coefficient and the parity function

can be used to describe the relationship between

two random values, and also to study the nature

of a random process•

AN EXTENSION OF PRICE'S THEOREM

(Correspondence)

E. L. McMahon, IEEE Trans. Inform. Th. ,

vol. IT-10, no. 2, April 1964, 168 p.

AN ESTIMATE OF TIIE VARIATION OF A BAND-

LIMITED PROCESS

A. Papoulis, IEEE Trans. Inform. Th., vol.

IT-10, no. 1, Jan. 1964, p. 72/74.

Upper and lower bounds are established for

the mean-square variation of a stationary

process X(t) whose power spectrum is bounded

by w c, in terms of its average power P0 and the

average power P1 of its derivative ....
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ZERO CROSSINGS, PEAKS AND OTHER STA-

TISTICAL MEASURES OF RANDOM
RESPONSES

S. H• Crandall, Massachusetts Inst. of Tech•,

Cambridge, 1963, 7 p., AD 432 558, N63-20104.

Several statistical properties of a stationary
random process that are of interest in random

vibration applications are reviewed. In the first

three sections, the zero crossings, threshold

crossings, distribution of peaks, and a simple

model of fatigue damage are obtained directly
from calculations ....

Related Publications:

FLUCTUATIONS OF RANDOM NOISE POWER

D• Slepian, Bell Syst. Tech. J., vol. 37, no. 1,

Jan. 1958, p• 163•

The probability distribution of the power, y,
of a sample of Gaussian noise of time duration T

is considered• Some general theory is presented

along with curves for the cumulative distribution

and probability density of y for several different

power spectra and values of T.

LOSS AND RECOVERY OF INFORMATION BY

COARSE OBSERVATION OF STOCHASTIC

CHAIN

S. Watanabe, et al., Inform• Control, vol• 3,

no. 3, Sept• 1960, p. 248/278.

• . • Loss of information caused by the
coarseness of the definition of microstates can

be recovered, partially or totally depending on
the case, when there is correlation in the chain.

The range of correlation in some cases is in-

creased by the coarse definition of states, thus

creating a longer "after effect•" If the correla-

tion is weak, this after effect tapers off exponen-
tially with time ....

1. 112: Gaussian Random Processes

A NOTE ON THE CHARACTERIZATION OF

OPTIMAL PROCESSES (Correspondence)

F. Tung, IRE Trans. Inform. Th., vol. IT-8,

no. 1, Jan. 1962, p. 56/57.

In a recent paper, Balakrishnan presented the

first results to the problem of optimum filtering
in which he seeks to characterize the class of

processes for which the optimal mean square

operator is of specified form .... It is inter-

esting to note that.., the following theorem
can be derived ....

SIGNALS, SCATTERERS, AND STATISTICS

V. Twersky, IEEE Trans. Antennas

and Propagation, vol. AP-11, Nov. 1963,

p. 668/680, 22 refs.

Study of an ensemble of complex numbers,

such as a set of signals in time and the field

scattered by different configurations of

scatterers . . . considered are: (1) the average

total intensity, the coherent intensity, and the

incoherent intensity; (2) the coherent phase,

average phase, and average-square phase; and

(3) the variance of the real and imaginary com-

ponents of the ensemble and their covariance, as
well as the higher moments ....

DISTRIBUTION LAWS OF THE ENVELOPE OF

RANDOM PROCESSES WITH A MAXIMUM

ENTROPY (In Russian)

L. E. Kopilovich, Radiotekhnika i Elektronika,

vol. 9, Feb. 1964, p. 339/346.

Study of the distribution laws of the envelope of

radio signals with a maximum entropy, using the
method proposed by Shannon. It is shown that

certain known distribution laws of the envelope

can be obtained as solutions of the special

isoperimetric problem--i, e., as distributions

with a maximum entropy in the presence of

definite limitations on the random processes•

Included: Multivariate normal distribution; Normal stationary processes; Zero-crossing problems

of Gaussian processes; Complex Gaussian random processes; Normal distributions; One-sided
barrier problem; Bivariate normal distribution•

Not Included: Detection problems in Gaussian noise (2); Decision theory for signals in Gaussian

noise (2); Physical fundamentals of Gaussian noise; Generators for Gaussian noise, Gaussian
processes in control systems.

Cross References: Gaussian noise and its characteristics (Sect• 1.71); Zero-crossing problems in
general (1. 111); Statistics of signal plus Gaussian noise (1. 716).

Principal Publications: ON THE CHARACTERISTIC FUNCTION OF A

MATHEMATICAL ANALYSIS OF RANDOMNOISE

S. O. Rice, Bell Syst. Techn. J., vol. 23,

July 1944, p. 282/332 and vol. 24, Jan. 1945,
p. 46/158.

A METHOD OF COMPUTING BIVARIATE

NORMAL PROBABILITIES (With an Applica-

tion to Handling Errors in Testing and

Measuring)

D. B. Owen, et. al., Bell Syst. Techn. J., vol.

38, no. 2, March 1959, p. 553/572.

Charts and formulas are presented from which

bivariate normal probabilities may be computed•

STATIONARY RANDOM PROCESS WITH

GAUSSIAN ENVELOPE (Correspondence)

R. Esposito, Proc. IRE, vol. 50, no. 9, Sept•
1962, p. 1997.

• . . two recent letters to the editor by Bunkin
and Gudzenko . . .

ZERO-CROSSING INTERVALS OF GAUSSIAN

PROCESSES

A. J. Rainal, IRE Trans. Inform. Th., vol.

IT-8, no. 6, Oct. 1962, p. 372/378•

THE ONE-SIDED BARRIER PROBLEM FOR
GAUSS[AN NOISE

D. Slepian, Bell Syst. Techn. J., vol. 41, no. 2,
March 1962, p. 463/501.
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Thispaperis concernedwiththeprobability,
PiT, r{ )], thatastationaryGaussianprocess
withmeanzeroandcovariancefunctionr ( ) be
nonnegativethroughoutagiveninterval. . .
upperandlowerbounds. . . comparison
theorems.., probabilitydistributionforthe
intervalbetweentwosuccessivezerosofthe
process.(Verygoodbibliography.)
NORMALDISTRIBUTIONS(Correspondence)
A. Papoulis,Proc.IEEE,vol.51,no.7, July

1963,p. 1049.
. . • Thereexistuncorrelatedrv XandY

withnon-normalmarginalandjointdistributions
butsuchthattheirsumX+Yisnormal. • .
ASYMPTOTICTHEORYFORPRINCIPALCOM-

PONENTANALYSIS
T. W.Anderson,ColumbiaU., NewYork,19

July1962,27p., AD404962.
Theasymptoticdistributionofthecharacteristic

rootsand{normalized)vectorsofasample
covariancematrixisgivenwhentheobservations
arefromamultivariatenormaldistributionwhose
covariancematrixhascharacteristicrootsof
arbitrarymultiplicity.Testsofhypothesesof
equalityofpopulationroots. . . confidence
intervalsforassumedequalroots.
A CENTRALLIMITTIIEORYFORNON-LINEAR

FUNCTIONSOFA NORMALSTATIONARY
PROCESS

T. Sun,BrownU., Div.ofAppliedMathematics,
Providence,R.I., Technicalrept.no.8, Jan.
1963,62p.,7refs., AD297217.

FACTORSFORONE-SIDEDTOLERANCELIMITS
ANDFORVARIABLESSAMPLINGPLANS

D. B.Owen,SandiaCorp.,Albuquerque,N.
Mcx•,SCR-607;supersedesSCR-13,March
1963,406p., 82refs., N63-16782.
Tablesaregivenofaquantitykwhichis used

todefinesingle-samplevariablessamplingplans
andone-sidedtolerancelimitsforanormal
distribution....

CONDITIONALMEANSANDCOVARIANCESOF
NORMALVARIABLESWITHSINGULAR
COVARIANCE MATRIX

G.Marsaglia,BoeingScientificResearchLabs.,
Seattle,Wash.,Rept.no.D1-82-0235,Feb.
1963,3p., AD299080.

EXPRESSINGTItENORMALDISTRIBUTION
WITItCOVARIANCE MATRIX A+B IN TERMS

OF ONE WITH COVARIANCE MATRIX A.

G. Marsaglia, Boeing Scientific Research Labs.,
Seattle, Wash., Rept. no. D1-82-0234;

Mathematical note no. 287, Feb. 1963, 6 p.,
AD 299 120.

ASYMPTOTIC DISTRIBUTION OF FUNCTIONS

OF A NORMAL RANDOM VARIABIA.]

N. C. Severo, ct al., Buffalo U., New York,
ARL 62-468, Dec. 19(;3, 29 p., AI) 299 064.

TIIE NORMAl, BIVAIilATF I)ENSITY FUNCTION

AND ITS AI)PLICATIONS TO WI,:AI)ON

SYSTE MS _\NA I,YSIS, A RE VIEW

10

H. C. Sebring, General Electric Co.,

Philadelphia, Pa., 10 April 1962, 27 p.,
AD 412 332.

• . . It is discussed in terms of probability

area in a plane, and as a correlation surface.

Several numerical methods of solving the normal

bivariate distribution double integral are pre-

sented, and a curve is included for converting

elliptical error distributions to circular probable

errors. Regression and correlation coefficients
are discussed ....

TABLES FOR TIlE INTEGRAL OF THE

CIRCULAR BIVARIATE NORMAL FRE-

QUENCY FUNCTION

W. L. Weaver, et al., NASA, Langley Research

Center, Langley Station, Va., NASA TN

D-1819, July 1963, 3_ p., 7 refs., N63-18160.

The evaluation of thc integral was performed

numerically by using the quadrature formulas of
Gauss.

COVARIANCE MATRIX APPROXIMATION

L. B• Schlegel, AIAA Journal, vol. 1, Nov.

1963, p. 2672, 2673, A63-25735.

• . . The determinant of the covariance matrix

of a trivariate normal distribution is a figure of

merit which relates to error volumes in tracking

and prediction problems. In computing this

determinant, neglect of the covariancc elements

leads to pessimistic estimates of system

accuracy, hence is a safe approximation for

preliminary analysis ....

PERIODOGRAM FOR COMPLEX GAUSS[AN

RANDOM PROCESSES (Correspondence)

C. L. Mehta, IEEE Trans. Inform. Th., vol.

IT-10, no. 2, April 196,t, p. 165.

COMPARISON OF A FIXED SAMPLE SIZE AND A

SEQUENTIAL TEST FOR TIIE MEAN OF A

NORMAL DISTRIBUTION WITil KNOWN

VARIANCE

E. ti. Baur, Aerojet-Gcneral Corp., Sacramento,

Calif., Rept. no. 9200 5 64, 5 Feb• 1964, 11 p.,
AD 434 415.

TItE ZERO-CROSSING PROBLEM

It. Levenbach, Queen's U., Kingston, Canada,

Res. rept. 63-4, Sept. 1963, 116 p.,
N64-16943.

. . . expository survey of the zero-crossing

problem is presented . . . concerned with the

probabilities and probability densities defined by

the zero-crossing points of a stationary random

process. At present none of the probabilities or

probability densities can be derivcdexplicitly by
analytical means . . . applied to the case of the

gaussian processes . . . comparing the eml)irical

and theoretical results. Finally, a complete list

of the mathematical, physical, and engineering

references is compiled, including those of

closely relatcd topics.

Related Publications:

IIORNS ON A SIGNAL-NOISE WAVE (in Russian.)

V. I. Tikhonov, Radioteldmika i Elektronika,

vo[. 8, Nov• 1963, p. 1803/1_1t, 10 rcfs.,

A64-12()28.
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• . . formulas for the mean number of "horns"

per unit time of a wave composed of normal

steady noise and a signal .... considers two

types of signals: a signal in the form of normal

quasi-harmonic (narrow-band) noise, and a

harmonic signal .... several numerical

examples ....

ERROR OF THE GAUSSIAN APPROXIMATION

(Correspondence)

D. Silber, Proc. IEEE, vol. 51, no. 9, Sept.

1963, p. 1259.

By the Central Limit Theorem, the probability

density function of the sum of a number of inde-

pendent random variables having arbitrary (within

the validity of the Central Limit Theorem)

probability densities approaches a Gaussian

density as the number of added random variables

becomes large. An assumed Gaussian density
for the sum of a finite number of random variables

will have an error that decreases (assuming the

same probability density for each added random

1. 113: Markov Processes

variable) as the number of added variables in-

creases . . . there is little information in the

literature on evaluation of the error• In particu-

lar, information concerning the error of the

"tails" (of interest in finding the probability of

false alarm) is lacking. Following is an evalua-

tion of this error for rectangular individual

densities, carried out with the aid of a digital
computer ....

APPROXIMATE CALCULATION OF THE

DISTRIBUTION FUNCTION OF A NORMAL

PROCESS AT THE OUTPUT OF A TYPICAL

RADIO SECTION

V. S. Borodin, Radio Engng: Transl. of Radio-

tekhnika, vol. 16, no. 2, 1961, p. 1/6.

. . . A typical section consists of the first

RC filter, the square-law detector and the

second RC filter. A comparison of two methods

of calculating the cumulants of distribution is

given ....

Included: Discrete time Markov processes in general; Markov chains; Markov envelope processes;

Semi-Markov processes; Wide sense Markov processes.

Not Included: Automata and switching processes; Coding theory (2).

Principal Publications:

FURTHER COMMENTS ON "A MARKOFF

ENVELOPE PROCESS" (Correspondence)

C.T. Isley, ct al., IRE Trans. Inform. Th.,
vol. IT-5, Dee. 1959, p. 186/188.

ELEMENTS OF THE THEORY OF MARKOV

PROCESSES AND THEIR APPLICATIONS

A. T. Bharucha-Reid, New York, McGraw-

Hill Book Co., Inc., 1960, 468 p.

PREDICTION FOR WIDE-SENSE MARKOV

PROCESSES (Correspondence)

F. J. Beutler, IRE Trans. on Inf. Theory,

vol. IT-7, no. 4, Oct. 1961, p. 267/269.

• . . minimum-mean-square linear estimator

• . . solution of a generalized Wiener-Hopf

equation .... nonrealizable time-varying
weighting function . . .

THE PASSAGE PROBLEM FOR A STATION-

ARY MARKOV CHAIN

J. H. Kemperman, Statistical Research Mono-

graphs, Univ. of Chicago Press, vol. 1,

1961, 127 p.

ON THE GENERATION OF MARKOV CHAINS

J. F. Ormsby, Electronics Research Lab.,

U. of Calif., Berkeley, 29 Aug. 1962, 34 p.,

$60 I480, AD 408 452.

MULTIVARIATE WIDE-SENSE MARKOV

PROCESSES AND PREDICTION THEORY

F. J. Beutler, Repr. from Ann. Math.

Statistics, vol. 34, no. 2, June 1963,

p. 424/438, 7 refs., N63-19978.

• . . (MWM processes) . . . only the sta-

tionary multivariate gaussian Markov process

appears to have been studied. Analysis of this

process has centered on its second-order

properties, the gaussian density function

serving as a principal tool. The same second-

order properties hold for any MWM, and these

depend on the covariance matrix .... The

most significant application of MWM processes

is to the theory of linear minimum mean square

error prediction of multivariate stochastic

processes ....

A GENERALIZATION OF A MARKOFF

ENVELOPE PROCESS (Correspondence)

R. Esposito, Proc. IEEE, vol. 51, no. 12,

Dec. 1963, p. 1792.

• . . known that the envelope of the output of

a high-Q single tuned RLC filter is a first-

order Markoff process when the filter input is

white Gaussian noise• The purpose of this

communication is to show that the same result

holds true for the perturbation of the envelope of

a steady oscillation supported by a nonlinear ele-

ment in parallel with the single tuned circuit

driven by a white noise current . . .

SYSTEM ANALYSIS OF SEMI-MARKOV
PROCESSES

R. A. Howard, IEEE Trans. Mil. Electronics,

vol. MIL-8, no. 2, April 1964, p. 114/124.

Flow graph analysis has proved a valuable

approach to the study of probabilistic systems.

This paper extends the analytic procedures to

semi-Markov processes, Markov processes

whose transition times can also be arbitrary

random variables ....

MARKOV PROCESSES IN COMMUNICATION
NETWORKS

W. S. Litchman, etal., IEEE Trans. Commun.

Electronics, vol. CE, no. 67, July 1963,

p. 404/408.

11
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• . . designing a system of nodes inter-
connected in a pattern by transmission links and

then of designing means for controlling move-

ment of messages through the system. Optimum

or quasi-optimum methods of message routine.

• . . Ausefultool . . . is the theory of Markov

processes. This paper illustrates several possi-

ble applications of the Markov theory to commun-

ication system design.

1. 114: Other Special Random Processes

TRANSIENT SOLUTIONS FOR 3-STATE DIS-

CRETE TIME MARKOV PROCESSES

E. A. Silver, Mass. Inst. of Tech., Cambridge,

July 1963, 55p., AD 417 221, AD 417 151.

Through the combined use of flow graph

analysis, geometric transform techniques and

the properties of quadratic functions, there are

obtained closed form expressions for the transient

solution of any time-discrete 3-state Markov

process• The results are significantly more

complex than in the 2-state case.

Included: General stochastic processes; Non-stationary processes; Non-Gaussian processes;

Ergodic processes in general•

Cross References: Gaussian processes (1. 112); Markov processes (1. 113); Fundamentals of

random processes (1.111 ); Special distributions of random processes (1. 117).

Principal Publications: it to the operator formulation to give statistical

STATISTICS OF REGENERATIVE DIGITAL

TRANSMISSION

W. R. Bennett, Bell Syst. Techn. J., vol. 37,

no. 6, Nov. 1958, p. 1501/1542.

Statistics of a synchronous binary message

pulse train applied to a regenerative repeater

are related to those of the original binary

message, which is assumed ergodic. It is

shown that the ensemble of possible message

pulse trains is a nonstationary random process

having a periodically varying mean and auto-
eovariance.

NONSTATIONARY VELOCITY ESTIMATION

T. M. Burford, Bell Syst. Techn. J., vol. 37,

no. 4, July 1958, p. 1009/1021.

A nonstationary noise may frequently be

approximated by the product of a stationary

noise and a deterministic function of time.

STOCItASTIC PROCESSES: PROBLEMS AND

SOLUTIONS

L. Takacs, New York, John Wiley & Sons, Inc.,

1960, 135 p.

• . . one of an excellent series of new mono-

graphs on applied probability and statistics ....
the book is primarily a collection of problems

and their solutions and is intended for readers

who are already familiar with probability

theory ....

LINEAR STOCHASTIC OPERATORS

G. Adomian, Hughes Aircraft Co., Culver City,

Calif., Aug. 1961, 162 p., Rept. no. RS 278,

AD 413 827.

• • • allows the operators as well as the

operand to be stochastic• Statistical measures
and distributions can be found for the trans-

formed quantity under very general conditions.

The effects of a propagation medium or of a

physical observation or measurement process

can be represented in terms of such stochastic

operations allowing a treatment of random in-

homogeneous media or of measurement or control

processes involving statistically varying param-
eters .... Further, the inverse problem of a

stochastic differential equation is studied relating

measures for the dependent variable•

ON ANALYTIC METHODS IN THE THEORY

OF PROBABILITY

A. Kolmogoroff, Minneapolis-Honeywell

Regulator Co., Minn. Military Products

Group, 1960, 50 p., Transl. into English

from Math. Ann. (Leipzig), no. 104, 1961,

p. 415/458, (MH-Transl. 197), N64-11625.

• . . stochastic process.., called

stochastically-defined, if a deterministic

description of the state, X o, of the physical

system at an instant, t>to, also implies that

the distribution function of the probabilities of

the possible state, X, of the associated

stochastic process is also known at the instant,

t . . . If the set of possible states of the sys-

tem is finite, the stochastically-defined process

can be characterized by a set of linear, ordinary,

differential equations. If the possible states of

the system are described in terms of one or

more continuous parameters, then the analytic

description of samples is in terms of solutions

of linear, parabolic, differential equations. The

solutions of the associated differential equations

yield various probability distribution functions,

among which Laplace's normal distribution
function has the simplest analytic description.

STOCHASTIC SERVICE SYSTEMS

J. Riordan, New York, John Wiley & Sons, Inc.,

1962, 139 p.

The term "queueing theory" has been loosely

extended in current usage to cover studies of any

service facility which has randomness some-

where in its input or service characteristics.

• . . The book roughtly divides its attention be-

tween systems with loss and systems with delay.

• . . written for the applied mathematician ....
It is not an introduction. For reasons of both

style and content, it could not be recommended

as a good place to begin the study of queueing

theory• It contains little descriptive detail, no

worked-out guides for application, and no con-

crete illustrative practical examples ....

12



H. Bunke,BerlinZeitschriftfurangewandte
MathematikundMechanik,Jan.-Feb.1963,
p. 63/70,A63-17117.

ONTHESIGNIFICANCEOFINSTANTANEOUS
ANDSHORT-TERMCORRELATIONFUNC-
TIONSFORA CLASSOFSTOCHASTIC
PROCESSES(Correspondence)

A.A. Wolf,]?roe.IRE,vol.50,no.9, Sept.
1962,p. 1983.

STOCHASTICGREEN'SFUNCTIONS
G.Adomian,HughesAircraftCo.,CulverCity,

Calif.,April1963,62p., Rept.no.TM758,
AD415761.
Withattemptstodevelopinstantaneous

adaptive-learningsystemsarealneedhasarisen
todefineclearlytheconceptofinstantaneous
correlationfunctionsandtheirphysicalreahza-
tion. Severalauthorshaveconsideredthisprob-
lempartially. Thepurposeofthisnoteis to
definethenotionofinstantaneouscorrelationas
alimitingvalueofshort-termcorrelationandto
developappropriateexpressionsfor suchcorre-
lationfunctionsin termsofanorthogonalseries.

• . . approachtothetheoryofrandomequa-
tions. . . operatortheoryis developedwhich
allowstheoperatorsaswellastheoperandto
bestochastic.Statisticalmeasuresanddis-
tributionsarefoundforthetransformed
functionundergeneralconditions. . .
ONTHEASYMPTOTICDISTRIBUTIONOFTHE

AUTOCORRELATIONSOFA SAMPLEFROM
A LINEARSTOCHASTICPROCESS

T. W.Anderson,etal., ColumbiaU., New
York,N. Y., 1961,16p.,9refs., N64-
11940,AD424463.
• . . Aproofisgivenoftheasymptotic

normaldistributionoftheautocorrelationsofa
linearprocessundertheassumptionoffinite
second-ordermoments. . .
SOMEANALYTICALTECHNIQUESFORA

CLASSOFNON-GAUSSIANPROCESSES
B.A. Bowen,Queen'sU., Kingston,Canada,

June1963,61p•, Rept.no.RR633,AD
428431.
• . . astudyofimpulsenoiseinterferencein

asimplecommunicationsreceivermodel•A
reviewofthecumulantconceptispresented,
thenanimpulsemodelpostulated.... the
cumulantsaredefinedintermsofintegralsof
functionsofthewaveshapeoftheimpulse
events.... Auniquepresentationisderived
tocomparethemomentsofaguassianprocess
toanongaussianone.It is shownthatasthe
ratiooftheequivalentordermomentsis differ-
entfromunity,correctiontermsaregenerated
whichchangetheprobabilitydistributiontoa
nongaussianform. Theeumulantsareusedin
conjunctionwithatransformtechniquetoderive
thecorrelationfunctionofimpulsenoiseorof
signal plus noise when a linear filter is

followed by a nonlinear device. The results

reduce to the known gausstan results as the
impulse rate is increased.
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STABILITAT BEI STOCHASTISCHEN

SIFFERENTIA LGLEICHUNGSSYSTEMEN

(The Stability of Stochastic Systems of

Differential Equations) (In German)

• . . concepts of (1) mean stability and (2)

stability of probability for the equilibrium state

of a system of differential equations which

depends upon stochastic processes•

ON THE EXPANSION OF ARBITRARY
ERGODIC PROCESSES INTO INFINITE

SERIES OF ORTHOGONAL COMPONENTS

(Correspondence)

T. Fine, Proc. IEEE, vol. 51, no. 11, Nov•

1963, p. 1673/1675.

DIAGRAMMA DLIA OPREDELENIIA OSHIBKI

SREDNEGO ZNACHENIIA I VYBORA

VREMENI OSREDNENIIA STATSIONARNOGO

SLUCHAINOGO PROTESSA (Diagram for
the Determination of the Mean-Square Error

and the Selection of the Averaging Time of a

Steady Random Process) (In Russian)

V.T. Kondarshikhin, Avtomatika i Telemek-

hanika, vol. 24, Oct. 1963, p. 1414/1415,

A64-13225.

Presentation of a diagram for assessing the

mean-square error resulting from limitations

imposed on the averaging time. The diagram is

a'.so suitable for the selection of the averaging

lime for an ergodic steady random process

having a correlation function of typical form.

STOCHASTIC PROGRAMMING

S. M. Sinha, Operations Research Center, Univ.

of Calif., Berkeley, Aug. 1963, 63 p., Rept.
no. 63 22RR, AD-424 202.

Descriptors: Linear programming, Stochastic

processes, Mathematical analysis ....

THE REPRESENTATION OF STOCHASTIC

PROCESSES BY ORTHOGONAL EXPAN-

SIONS (IN: Joint Automatic Control Con-

ference, 4th, Univ. of Minnesota, Min-

neapolis, Minn•, June 19-21, 1963, Pre-

prints of Technical Papers)

J. B. Thomas, p. 287/291, 37 refs., A64-
11196.

Review of types of series used Lo represent

noises or random signals in problems of communi-

cations and control theory.., considered are the

Fourier series, the sampling theorem expansion,
and the Karhunen-Loeve expansion.

A NEW APPROACH TO THE SPECTRUM

ANALYSIS OF NON-STATIONARY SIGNALS

(IEEE Winter General Meeting, New York,

N.Y., Jan. 27-Feb. 1, 1963, Paper 63-63)
W.W. Wierwille, IEEE Trans• Applications

and Industry, Nov. 1963, p. 322-327, 26

refs., A64-12332.

• . . allows proper spectral measurements of

time-nonstationary signals. The power spectrum

is defined on the basis of ensemble averages and
therefore contains a time variation when the

signals are nonstationary. It is shown that a

spectrum analyzer can be designed which meas-

ures these time-varying spectra in a nearly
optimum manner ....
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MEAN ERGODIC THEOREMS AND TESTS FOR

A CERTAIN CLASS OF RANDOM

PROCESSES (Correspondence)

A• A. Wolf, Proc. IEEE, vol. 51, no. 2, Feb.

1963, p. 403/404.

With recent advances in the use of stochastic

processes as probes in parameter identifica-

tion (1), (2), fault detection and media character-

ization (3), a great deal of interest has developed

concerning the nature of ergodic processes and

simple a priori tests for determining its presence

in a stationary random process (4), (5)....

ON THE EXPANSION OF ARBITRARY

ERGODIC PROCESSES INTO INFINITE

SERIES OF ORTHOGONAL COMPONENTS

(Correspondence)

A. Wolf, Proc. IEEE, vol. 51, no. 3, March

1963, p. 487/488.

• . . The expansion of deterministic func-

tions into series of terms is conceptually quite

important• It would appear that the expansion
of random variables into infinite series would

be of value physically as well as important

mathematically. The purpose of this note is

to outline a theory for accomplishing this sort

of expansion and to give a physically realizable

method for implementing it....

RELATIONS BETWEEN TIME AND EN-

SEMBLE AVERAGES FOR WEAKLY

NONERGODIC RANDOM PROCESSES

(Correspondence)

A. A. Wolf, Proc. IEEE, vol. 51, no. 11,

Nov. 1963, p. 1672/1673.

• . . a consequence of ergodicity is that the

time and ensemble averages of a stationary

random process are equal in some probabilistic
sense• Conditions that a certain class of sta-

tionary processes be weakly ergodic have been

given by Wolf based on the correlation function

of the process and by Parzen based on the

characteristic function of the process. Others

have solved special cases of this particular

problem in the weak sense and measure-theoretic

ergodieity has been the subject of many investi-

gators . . . For nonergodic processes, how-

ever, little has been done either in the measure-

theoretic sense or in the probabilistic sense•

The purpose of this communication is to present

some preliminary results for the relations be-

tween time and ensemble averages of weakly

nonergodic random processes ....

ON CONDITIONS FOR DETERMINING ER-

GODICITY IN A CLASS OF STATIONARY

RANDOM PROCESSES

A. A. Wolf, IEEE Trans. Commun. Electronics,

vol. CE, no. 68, Sept. 1963, p. 546/553.

• . . Necessary and sufficient conditions are

given for determining that a class of stationary

random processes are ergodie in the quadratic

mean. The theorems given are wide-sense

theorems and refer to relations between temporal

averages and probability averages for first-order

statistics. This, however, is generally required

in engineering applications.

A STUDY OF CORRELATOR BEILkVIOR

USING "NON-STATIONARY" SIGNALS•

PART H.

Dewey, G. C. & Co., Inc., New York, June
1963, 38 p., R127 1, AD 412 534.

• . . cross-correlation gains of an analog and

clipper correlator . . . The signals and noise

used in this study we have characterized as being

non-stationary. An attempt has been made to

compare experimentally determined gains for the

case of small signals buried in noise with those

predicted theoretically.

1. 117: Special Distributions of Random Processes (Tables and Graphs)

Included: Skew distribution functions; Chi-square distributions; Pearson distributions; Exponential

distribution; T-distribution; Behrens-Fisher distribution; Practical signal and noise distributions;

Second order statistics of special processes; Chi-distribution; Log-normal distributions; Character-

istic functions of special processes; Moment descriptions; Multivariate distributions; Rectangular

distribution; Nakagamirice distribution; Factorial distributions; Compound and generalized distribu-

tions; Contagious distributions; Binomial distribution.

Not Included: Distributions of infornmtion sources (2).

Cross References: Normal distributions (1. 112); 1)istributions of pulsive noise (1. 717); Distributions

of sig_aals plus Gaussian noise (i. 716); Distributions of correlated noise (intermodulation) (1. 742).

Principal Publications:

Titl'] FLUCTUATI()N RATE ()F TIlE CIII

I)IIOCESS

t1. A. Silvcrman, IIIE Trans. Inform. Th.

vol. IT-4, March 1958, p. 30/3t.

• . . defined as a natural generalization of the

ehi distribution of statistical theory. A formula

14

is derived, contains as a special case the familiar

expression for the fluctuation rate of the envelope

of Gaussian noise.

'Fill.'. SUM ()V IA)G-NORMAI_ PROI3AIHI_ITY

I)ISTI/II_U'I_IONS IN SCATTER TRANS-

MISSI()N SYSTEMS

L. F. l.'enton, IRE Trans. Commun. Syst. , vol.

CS-8, no. 1, March 1960, p. 57/67.



• THEEFFECTOFMIXINGTWONOISY
SIGNALS

N.A. Huttly,MarconiRev.,4thQtr. 1960,vol.
23,1960,p. 153/169.
Eachsignalis takentobeasinewavewith

randomnoise.Thesignalsaremultipliedtogether
andtheproductpassedthroughabandpassfilter
withagivenimpulseresponse.Integralsare
givenfortheoutputsignalamplitudeandforthe
varianceofthenoiseoutput.Theseareevalu-
atedfortheparticularcasewherethebandpass
filter is asingletunedcircuit. Approximate
solutionsaregivenfortheoutputsignal-to-noise
ratiowhencertainassumptionscanbemadeabout
thebandwidthsandthebeatnotefrequency....
USEOFSTATISTICALMOMENTSFOR

SPECIFYINGNOISEIN LONG-DISTANCE
TELEPHONECIRCUITS

B. B. Jacobsen,Elect.Commun.,vol.36,no.
3, 1960,p. 197/201.
• . . treatstheproblem:Howshouldthe

tolerablenoisepoweronatelephonecircuitbe
expressed?Theobjectis . . . toformulateit
inawaythatdoesnotplaceanyunnecessary
restrictionsonnoiseofanyparticulartime
distribution•Animportantrequirementis that
it shouldberealisticandinpracticethismeans
thatvery-intensenoisemustbeaccepted,butit
mustnotoccurtoooftenor lasttoolong.It has
beenproposedtospecifythepermissibleamount
ofnoisenotbyadistributioncurve,butinstead
byits moments.... Thepurposeofthepresent
paperis toconsidertheeffectofspecifyingthe
permissiblenoisebyitsfirst threehourly
moments....

THEENERGYSPECTRUMOFANINDEFINITE
INTEGRALFROMA STATIONARYRANDOM
PROCESS

B.R. Levin,RadioEngng:Transl.ofRadio-
tekhnika,vol.15,no.6, 1960,
p. 27/30.
Anexpressionisobtainedfortheinstantaneous

spectrumofanindefiniteintegralfromasta-
tionaryrandomprocess.It is shownthatthe
widelyusedformulasfor theenergyspectrumof
theintegralfollowsfromthisexpressionafter
averagingthroughtime....
CHARACTERISTICFUNCTIONS
E. Lukacs,NewYork,Hafner,1960,216p.

• . . ausefulcompendiumofpropertiesof
characteristicfunctions,manyofwhichwere
onlyavailablein FrenchandRussianperiodicals

PROBABILITYDENSITYFORTHEDURATION
OFFLUCTUATIONS

V. I. Tikhonov,etal., RadioEngng:Transl.of
Radiotekhnika,vol. 15,no.9, 1960,
p. 10/24,15refs.
• . . study. . . ofthreeapproximatemethods

ofcalculatingtheprobabilitydensityforthedura-
tionofthepeaksofnormalstationaryfluctuations
andcertainexperimentalresultsaregiven.The
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fieldofapplicationofthevariousmethodsis
shownbycomparingthetheoreticalprobability
densitieswiththeexperimentalresults.
THEPROBABILITYDISTRIBUTIONSOFTHE

OUTPUTSOFFIRSTORDERANDTUNED
SECONDORDERFILTERSWITItCOIN-

TOSS SQUARE WAVE INPUTS

A. R. Cohen, IRE Trans• Circuit Theory,

vol. CT-9, no. 4, Dec. 1962, p. 371/377.

• . . A method is presented for constructing
the probability distribution functions of the out-

puts of an RC low-pass filter and a tuned second-

order filter for coin-toss square wave inputs•

The input is a binary process in which axis

crossings can occur only on a set of equally
spaced sample points . . .

APPROXIMATE BAND-PASS LIMITER

ENVELOPE DISTRIBUTIONS

W. Doyle, et al., Rand Corp•, Santa Moniea,

Calif., Feb. 1962, 21p. incl. illus•, 20 refs.,

Memo. no. RM-2987-PR, AD 274 684.

• . . An approximate distribution is computed
for the envelope of sine wave plus noise after

passage through a wide-band filter, limiter and
narrow-band filter ....

TABLES OF TttE CUMULATIVE NON-

CENTRAL CHI-SQUARE DISTRIBUTION

G. E. Haynam, et al., Case Inst. of Tech.,

Cleveland, Ohio, Nov. 1962, 89 p., Pub.
no. 104, AD 426 500.

ESTIMATION OF THE SECOND-ORDER

STATISTICS OF RANDOMLY TIME-VARYING

LINEAR SYSTEMS

M. J. Levin, Lincoln Lab., Mass. Inst. of Tech.,

Lexington, 2 Nov. 1962, 42 p. incl. illus•, 13
refs., Rept. no. 34G-7, AD 289 607.

• . . by application of a known input signal and

observation of the resulting output which may be

obscured by additive white noise. The system is
characterized by its impulse response correlation

function f(tau lambda) and is approximated by a
sampled-data model.

TABLES OF BOUNDS FOR DISTRIBUTIONS

WITH MONOTONE HAZARD RATE

R. E. Barlow, et al., Boeing Scientific Research

Labs., Seattle, Wash., Dec. 1963, 54p.,

Document no. D1 82 0249; Mathematical note

no. 294, AD 426 831.

• . . presented in a form convenient for

applications . . . machine calculation has been

necessary . . . Applications of the bounds are

discussed together with some numerical

examples . . .

SPECTRAL DENSITY AND AUTOCORRELATION

FUNCTIONS ASSOCIATED WITH BINARY

FREQUENCY-SHIFT KEYING

W. R. Bennett, et al., Bell Syst. Tech. Journal,

vol. 42, no. 5, Sept. 1963, p. 2355/2385.

General equations are derived for the spectral

density and autocorrelation functions of a wave
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train consisting of sine-wave segments with con-

stant amplitude. The frequency of a segment

may be either fl or f2 • • • The results fall into

two main classes--namely, that of discontinuous

phase at the transitions . . . and that of con-

tinuous phase at the transitions • . . No restric-

tion is made on the relative magnitudes of the

different frequencies involved•

SOME STATISTICAL PARAMETERS RELATED

TO THE NAKAGAMI-RICE PROBABILITY

DISTRIBUTION.

W. R. Burns, Journal of Research, Section D-
Radio Science, vol. 68D, April 1964, p. 429/

434, 9 refs., A64-17497.

Presentation of formulas and tables for the

mean and standard deviation of R=20 logl0r where

the random variable r has the Nakagami-Rice

distribution. A simple formula for the mean

value of R is obtained in terms of a well-known

exponential integral function. Information

obtained by Norto concerning the median and

interdecile range of R is also presented. This

distribution is useful in the investigation of the

short-term fading characteristics of certain

radio fields.

ON A PROBLEM IN SINGLE-SIDEBAND

COMMUNICATIONS

J. Dutka, R.C.A. Rev., vol. 24, no. 3, Sept.

1963, p. 391/405.

• . . A problem in the design of a single-

sideband modulation system is considered which
reduces to the determination of the distribution

function of the sum ot an infinite series of inde-

pendent random variables. An approximation is

obtained in the form of a distribution of a finite

sum of independent uniform (but not necessarily

equidistributed) random variables which is useful
here and for broader classes of problems. Five-

decimal-place tables of the original distribution

function are computed, and some analytic

properties of the distribution function are
obtained.

A CHARACTERIZATION OF THE EXPONENTIAL

DISTRIBUTION

T: S. Fergnson, California U. , Los Angeles,

Working paper no. 31, March 1963, 17 p.,

6 refs., AD 401 459.

DISTRIBUTION OF OVERSHOOT PERIODS

FOR TIlE SMOOTHED ENVELOPE OF

QUASI-SINUSOIDAL NOISE

V. T. Goryainov, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 8, Aug. 1963,

p. 1/7.

Experimental results are presented showing

the average number of overshoots and the distri-

bution of positive or negative overshoot periods

in a smoothed envelope comprising the sum of a

sinusoidal signal and quasi-sinusoidal noise.

The e.xperimental data obtained are compared

with results of analytical investigations.

SELECTION AND RANKING PROCEDURES

AND ORDER STATISTICS FOR THE BI-

NOMIA L DISTRIBUTION

S. S. Gupta, Applied Mathematics & Statistics

Labs., Stanford Univ., Calif., 24 Sept. 1963,

115 p., Technical rept. no. 68, AD 421 011.

Some work on selection and ranking procedures

for binomial populations are described ....
Order statistics from the binomial distribution

are discussed and some new tables of moments

and cumulative distribution function of these

order statistics are described.

SOME FAMILIES OF COMPOUND AND

GENERALIZ ED DISTRIBUTIONS

J. Gurland, Mathematics Research Center, U.

of Wisconsin, Madison, Feb. 1963, 29 p.,

28 refs., MRC Tech. Summ. rept. no. 380,

AD 401 218.

Compound and generalized distributions have
been discussed in the framework of contagious

distributions. In particular, it is pointed out

that the Negative Binomial may be regarded as

a compound Poissoa (using a Gamma variable as

the compounder) or as a generalized Poisson

(using a Logarithmic random variable as the

generalizer. )

OUTPUT PROBABILITY DISTRIBUTION OF A

MULTIPLIER AVERAGER WITH PARTIALLY

CORRELATED INPUTS

M. J. Jacobson, Rensselaer Polytechnic Inst.,

Troy, N. Y•, July 1963, 7 p., Rept. no.
MATItREP 62, AD432 656.

This paper studies the problem of determining

the probability density function of the filtered

output of a multiplier when the crosscorrelation

function of the inputs is proportional to the auto-
correlation function of the inputs. The two

inputs are assumed to consist of identical signal

plus uncorrelated noise. It is shown that the
solution is known once the solution has been found

for pure signal inputs. The general theory is

applied to the problem where both inputs have the
characteristics of RC-filtered white noise and

where the postmultiplier filter is also an RC.

TWO NOTES ON THE LOGNORMAL

DISTRIBUTION

M. Kamins, Rand Corp., Santa Monica, Calif.,

RM-3781-PR, Aug. 1963, 30p., 16rcfs.,
N63-20750.

DIE STATISTISCttE VERTEILUNG VON

AUGENBLICKSWERT UND AMPLITUDE
EINER SUMME VON N GLEICH GROREN

WECHSELSPANNUNGEN M[T INKOMMEN-

SURABLEN FREQUENZEN (The Statistical

Distribution of the Instantaneous Values and

the Peak Values of a Sum of N Voltages of

Equal Amplitude and Incommensurable

Frequencies) (In German).

G. Kraus, et al., Arch. Elekt, Uebertragnng,

vol. 17, Jan. 1963, p. 6/12.

16
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• . . In proportioning systems for the simul-

taneous transmission of n equal ac signals of

different frequencies (e.g. for VF carrier-

telegraphy) it is important to know the proba-

bility with which certain given instantaneous
values or amplitudes are exceeded by the com-

posite voltage ....

STATISTICAL PROPERTIES OF THE INTEGRAL

OF A BINARY RANDOM PROCESS

D. G. Lampard, et al., IEEE Trans. Circuit

Theory, vol. CT-10, no. 3, Sept. 1963, p.

413/427, 26 refs.

. . . Statistical properties of the output z(t)
of a finite time integrator are discussed• The

input process considered is a binary random

process y(t) having successive axis-crossing

intervals which are statistically independent.
Transform expressions are derived for the first-

and second-order transition probability densities

of the integrated process, and it is shown how

these results may be extended to three or more

dimensions. Four processes are considered as

examples.

NOISE DISTRIBUTION AT THE OUTPUT OF A

SYSTEM CONSISTING OF TWO RC-FILTERS

AND A SQUARE-LAW STAGE BETWEEN
THEM

Y. S. Lezin, et al., Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 8, Aug. 1963,
p. 67/68.

NEW TABLES OF THE NONCENTRAL T

DISTRIBUTION

M. O. Locks, et al., Rocketdyne, Canoga Park,

Calif., Jan. 1963, 463 p., 10 refs., AD 402 373.

• . . probability densities and cumulative

probabilities . . .

A FAST PROCEDURE FOR GENERATING

EXPONENTIAL RANDOM VARIABLES

M. D. MacLaren, et al., Boeing Scientific

Research Labs., Seattle, Wash., Jan. 1963,

9 p. incl. illus., tables, 3 refs, (Mathematical

note no. 283; D1-82-0228, AD 297 091.

• . . inadigitalcomputer... The method is

exact, and in the sense that in theory it returns

a random variable with exactly the exponential

distribution. In practice the result is an approxi-

mation, but the accuracy of the approxima-

tion depends only upon the world length of
the computer.
FACTORIAL DISTRIBUTIONS

W. H. Marlow, George Washington U., Washing-

ton, D. C., Jan. 1964, 13p., Rept. no. T167,
AD 427 802.

• . . A theorem shows that the distributions

form a two parameter family. Several corrolaries

show that the family is highly tractable, particu-

larly in closed form expressions which exist not

only for individual and cumulative probabilities

but for various expectations as well . . .

TEST CRITERIA FOR PEARSON TYPE HI

DISTRIBUTIONS (Final rept. )

M. R. Mickey, et al., CEIR, Inc., Beverly

Hills, Calif., June 1963, 108 p., AD 415 831.
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RECEPTION OF A PULSE PACKET IN THE

PRESENCE OF CORRELATED NOISE

V. F. Nesteruk, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 8, Aug. 1963,

p. 8/14.

A method of calculating the optimum configura-
tion of a packet of coherent pulses received on a

background of correlated noise is described. The

optimum configuration of the packet is found for
Markov noise.

A distinctive feature in the reception of a finite

pulse packet is the fact that noise cannot be

assumed to be uncorrelated. As a result, the

probability of correct detection of a pulse packet
will depend not only on the power level of the

packet but also on the shape of the pulses of

which the packet consists and on the power dis-

tribution over the packet . . .

THE BEHRENS-FISHER DISTRIBUtiONS

V. H. Patti, Michigan U., Coll. of Literature,

Science, and The Arts, Aim Arbor, Feb.

1963, 135 p., Technical rept. no. 04597-3-T,
AD 298 561.

DESCRIPTORS: Linear systems, Analysis of

variance, Density, Distribution theory.

PERCENTAGE POINTS OF THE RATIO OF

RANGES OF SAMPLES FROM A REC-

TANGULAR DISTRIBUTION

P. R. Rider, Aerospace Research Labs.,

Wright-Patterson AFB, Ohio, Nov. 1963,

17p., refs., ARL 63-194;AD 426 107,
N64-13655.

ON THE ASYMPTOTIC JOINT NORMALITY

OF QUANTILES FROM A MULTIVARIATE
DISTRIBUTION

L. Weiss, Mathematics Research Center, U. of

Wisconsin, Madison, Dec. 1963, 7 p.,

Technical summary rept. 446, AD 433 877.

A simple proof is given of the asymptotic

joint normality of sample quantiles from a

multivariate population, under very mild condi-
tions. The joint cumulative distribution function

of the quantiles is studied, rather than the joint

probability density function.

Related Publications:

THE PROBABILITY DENSITY OF THE OUT-

PUT OF AN RC FILTER WHEN THE

INPUT IS A BINARY RANDOM PROCESS

J.A. McFadden, IRE Transactions Inform. Th.,
vol. IT-5

PROBLEMS OF INFORMATION TRANS-

MISSION NO. 5 STATISTICAL CODING

Foreign Tech. Div., Air Force Systems Com-

mand, Wright-Patterson Air Force Base,

Ohio, July 1961, 159 p., Trans. no. MCL-

894/1 of Akademiya Nauk SSSR Laboratoriya

Sistem Peredachi Informatsiy, Moskva, 125

p., 1960, AD 269 612.

. . • measuring the frequency distribution of

message elements from various sources and

adduces the results . . . in the case of certain

sources, carried to the level of 4th-order distri-

butions. In appendices to this collection of
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articles there are provided tables of the

functions necessary to compute the entropy of

discrete distribution.

POWER SPECTRA OF SIGNALS MODULATED

BY RANDOM AND PSEUDORANDOM

SEQUENCES

R. C. Titsworth, et al., Jet Propulsion Lab.,

Calif. Inst. of Tech., Pasadena, Oct. 1961,

45 p., Rept. 32-140, AD 268 119.

• . . concerned with the spectral distribution

of signals coherently modulated by discrete

random and randomlike sequences which

change state only at integral multiples of some
basic time division t sub 0. In general, a

sequence may modulate signals randomly or in
some fixed deterministic fashion. Furthermore,

deterministic processes may be constructed to

possess certain randomlike qualities. Special
attention is directed to Markov chains and linear

pseudorandom sequences; the signals selected

by the modulation process are not restricted to

any one class, and examples are given for
sinusoids and square waves. Specifically, the

effects of carrier-signal waveform and type of

sequence upon the over-all power spectrum are

considered. In the case.of sinusoidal modula-

tion, the effect of phase shift is investigated.

ESTIMATION IN MIXTURES OF DISCRETE

DISTRIBUTIONS

A. C. Cohen, Jr., Georgia U., Athens Inst.

of Statistics, Aug. 15, 1963, 11 p., refs.

Tech. Rept. 12, N63-23426.

Parameters of mixed distributions are esti-

mated using sample moments and sample zero

1.118: Various Other Problems of Statistical Mathematics

Included: Random surfaces.

Principal Publications:

A SYSTEMATIC APPROACIt TO A CLASS OF

PROBLEMS IN THE THEORY OF NOISE

AND OTIIER RANDOM PHENOMENA -

PART HI, EXAMPLES

A. J. F. Siegert, IRE Trans. Inform. Th.,

vol. IT-4, March 1958, p. 4/14.

STATISTICAL PROPERTIES OF THE CONTOURS

OF RANDOM SURFACES

P. Swerling• IRE Trans. Inform. Th., vol. IT-S,

no. 4, July 1962, p. 315/321.

A random surface is a sample function of a

random process (f (x, y)) depending on two real

parameters. Examples of random surfaces

would be: photographs or television pictures;

topographic maps; atmospheric pressure charts;

and the like.

A number of statistical properties of the con-

tours of such surfaces are derived. An applica-

tion of the results to the problem of obtaining

bounds on the information content of quantized

randoI11 surfaces is outlined.

ON A CIASS OF IK)LYNOMIAI_S USEFUL IN

PI{OBABI I_ITY CA I,CU LATIONS

(Correspondence)
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frequencies. Mixtures consisting of two com-

plete Poisson distributions, two truncated

Poisson distributions, and a Poisson combined

with a binomial distribution are considered.

SOME ELEMENTARY TESTS FOR MIXTURES

OF DISCRETE DISTRIBUTION

T• de Oliveira, Columbia U., New York, June

1963, 15 p., AD 405 910.

INFORMATION FOR ESTIMATING THE PRO-

PORTIONS IN MIXTURES OF EXPONENTIAL

AND NORIVLkL DISTRIBUTIONS

B. M. Hill, Michigan Univ., Ann Arbor, Coll. of

Literature, Science and the Arts, 1963, 15 p.,

AD 435 647.

The Fisher information for estimating the pro-

portion in a mixture of two densities is investigated.

A general power series expansion is obtained,

which is then explored in detail for the case of two

e.xponential densities, and for the case of two

normal densities with equal scale .... The main

qualitative conclusion is that extremely large, and

often impractical, sample sizes are required to

obtain even moderate precision in estimating the

proportion unless the mixed distributions are very

well separated.

THE EXTENSION TO PROBABILITY DISTRIBU-

TIONS FOR DETECTION SPATIAL FILTERS

W. D. Montgomery, IEEE Trans. Inform. Th.,
vol. IT-10, no. 1, Jan. 1964, p. 2/5.

The idea of extending partial descriptions to a

probability density function on a minimum infor-

mation (maximum entropy) basis is applied in the

context of detection spatial filters .... Several

two-dimensional moment descriptions are thus

extended and worked in detail ....

Related to Space Communications

L. L. Campbell, IEEE Trans. Inform. Th. ,vol.

IT-10, no. 3, July 1964, p. 255/256.

RELATIONS AMONG MOMENTS OF ORDER

STATISTICS IN SAMPLES FROM TWO

RELATED POPULATIONS

Z. Govindarajulu, Case Inst. of Tech., Cleveland,

Ohio, Nov. 1963, 5 p., AD 434 303.

It is shown that the moments of order statistics

in samples drawn from a population symmetric

about zero can be expressed in terms of the

moments of order statistics in samples drawn

from the population obtained by folding the

symmetric population at zero ....

COMMENTS ON "STATISTICAL PROPERTIES

OF THE CONTOURS OF RANDOM SUR-

FACES" (Correspondence)

R. F. Pawula, IEEE Trans. Inform. Th., vol.

IT-9, no. 3, July 1963, p. 208/209.

Swerling has recently considered the statistical

properties of the contours of random surfaces.

The methods used in the derivation of these proper-

ties were analogous to those used in a paper by

Brown. In this communication some of these

derivations shall be presented from a different

approach using the Dirac 5 function ....
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1. 119: Experimental Evaluation of Statistical Populations

Included: Confidence estimation; Studentization; Testing hypothesis, mathematical fundamentals;

Statistical Instrumentation; Random noise generation, fundamentals; Evaluation of correlation

characteristics; Computer processes for statistical investigation; stochastic distortions.

Not Included: Design of noise generators; Design of random number generators; Error evaluation in

digital transmission systems; Experimental evaluation of error correcting codes (2); Simulation of

statistical populations (3A); Noise measurements.

Cross References: Special statistical distributions (1. 117); Assessment measures for noise and

disturbances (1. 711); Computer simulation of noise and disturbances (1. 719).

Principal Publications:

ZUR MESSUNG DER WAHRSCHEINLICH-

KEITSDICHTE UND DES SPEKTRUMS VON

STATIONAREN ZEITROZESSEN (On the

Measurement of the Probability Density and

the Spectrum of Stationary Time Processes)

(In German)

P. Fey, Hocb_freq. & Elektroakustik, vol. 66,

March 1958, p. 141/142.

APPROXIMATION OF AUTOCORRELATION

FUNCTIONS BY A SERIES OF DAMPED

COSINE FUNCTIONS

D. T. Friest, et al., Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p. 709/714.

A TRANSISTORIZED AMPLITUDE-DISTRIBUTION

ANALYZER EMPLOYING DIGITAL TECH-

NIQUES

D. Hoffman, et al., Proc. Nat. Electronics Conf.,

vol. 14, Oct. 1958, p. 478/4S9.

A method for determining the first probability

distribution and the first probability distribution

density of the amplitude of a random or periodic

signal is described ....

THE DESIGN AND CONSTRUCTION OF

MEASURING DEVICES TO DETERMINE THE

STATISTICAL PARAMETERS OF RANDOM

SIGNALS

M.E. Neal, Oklahoma U., Norman, 1958, 58 p.

RUNS DETERMINED IN A SAMPLE BY AN

ARBITRARY CUT

P. S. Olmstead, Bell Syst. Techn. J., vol. 37,

no. 1, Jan. 1958, p. 55.

• . . certain nonparametric measvres for use

in detecting the presence of assignable causes in

experimental data.

SPECIAL ELECTRONIC EQUIPMENT FOR THE

ANALYSIS OF STATISTICAL DATA

E.R. Carlson, et al., Proc. IRE, vol. 47,

May 1959, p. 956/962.

EMPIRICAL BASES FOR STATIONARY TIME
SERIES

W. C. Kellogg, Craft Lab., tIarvard U.,

Cambridge, Mass., Oct. 1959, p. 1/16,

Scientific rept. no. 2, AD 232 539.

A brief review is presented of some properties

of orthogonal function expansions, and a method

is proposed [or obtaining minimal sets of basis
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functions for the representation of sets of

signals. The design of electronic equipment

that will obtain basis functions and measure

expansion coefficients by an analogue computing

technique is discussed .... (see also AD 232

540)

EMPIRICAL BASES FOR STATIONARY TIME

SERIES, II

W. C. Kellogg, Cruft Lab., Harvard U.,

Cambridge, Mass., Nov. 1959, p. 1/13,
Scientific rept. no. 3, AD 232 540.

• . . constructing . . . a set of signals from

samples of the signal set .... studied for the

case of a single continuous signal .... found to

be applicable provided the signal is a solution of

an ordinary linear homogeneous differential

equation with constant coefficients.

ENCODER MEASURES RANDOM EVENT TIME
INTERVALS

R.J. Kelso, et al., Electronics, vol. 32,
no. 20, March 1959, p. 48/51.

REPETITIVE ANALOG COMPUTER FOR

ANALYSIS OF SUMS OF DISTRIBUTION

FUNCTIONS

F. W. Noble, et al., Proc. IRE, vol. 47, Nov.

1959, p. 1952/1956.

EXPERIMENTAL INVESTIGATION OF THE
DURATION OF NOISE PEAKS

A. I. Velichkin, et al., Radio Engng: Transl.

of Radiotekhnika, vol. 15, no. 10, 1960,

p. 28/35.

The probability density of the duration of peak

periods and intervals between peaks is experi-

mentally determined at different levels of

Gaussian noise and Rayleigh noise ....

CONSTRUCTION OF PROBABILITY DENSITIES

FROM THEIR MOMENTS (Correspondence)

P. A. Clavier, Proc. IRE, vol. 49, Oct. 1961,

p. 1580.

MEASUREMENTS OF PROBABILITY DENSITIES

OF SY[ALL ENSEMBLES OF PERIODIC

WAVEFORMS (Correspondence)

H. L. Fox, et al., Proc. IRE, vol. 50, no. 10,

Oct. 1962, p. 2[18.
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A NEW METHOD TO COMPUTE CORRELATION

FUNCTIONS

P. Jespers, et al., IRE Trans. Inform. Th•,

(Intern, Syrup. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. 106/107.

• . . extends the method of the computation of

the polarity correlation function. The polarities

of both signals to be correlated are determined

at given instants separated to r seconds, each

one with respect to a varying reference level.

Both these levels can occupy any possible value

between limits located symmetrically around

zero . . .

PROCESSING OF RANDOMLY FLUCTUATING

DATA BY ANALOG ANALYSIS METHODS

C. H. Linden, National Aero-and Astronautical

Research Inst. Amsterdam, Netherlands,

March 1962, 70 p., 28 refs., N63-21255.

• . . A number of analog data reduction

possibilities for random type signals are reviewed

with respect to the determination of amplitude

probability distributions, power spectrum, and

cross power spectrum• A number of computation

schemes and equipment required are discussed.

Error sources and accuracy aspects are con-

sidered in some detail•

AUTOCORRELATION BY MAGNITUDE OF THE

DIFFERENCE (Correspondence)

T. A. Martin, Proc. IRE, vol, 50, no. 12,

Dec. 1962, p. 2499.

For reasons of ease of implementation it is
sometimes desirable to use functions other than

the linear correlation function to examine data

for coherence. One such function is the "com-

parison correlation function" . . . The compari-

son autocorrelation function may be readily

calculated for a random pulse train such as the

one shown in Fig. 1 ....

ON THE PROBLEM OF THE MEASUREMENT

OF THE CHARACTERISTIC FUNCTION OF

A STATIONARY ERGODIC PROCESS

P. V. Mel'nikov, Elcktrosvyaz', no. 12, 1962,
p. 19/25, AD 400 997.

A METHOD OF MEASUREMENT AND DISPLAY

OF PROBABILITY FUNCTIONS OF ERGODIC

RANDOM PROCESSES BY ORTttOGONAL

SERIES SYNTHESIS (Correspondence)

A. A. Wolf, et al., Proc. IRE, vol. 50, no. 12,

Dec. 1962, p. 2503/2504.

• . . Heretofore these displays have been

carried out by one or two methods both involving

digitizing the range of the random signal into

very narrow cells and employing counting or time

measurement techniques .... to introduce a

new method of displaying probability density antl

cumulative probability distribution functions

simultaneously and in real time by utilization of

orthogonal series synthesis. The method was

previously reported upon in its application to the

measurement and display of instantaneous and

short-term correlation functions in real time ....

TEST FOR A CIRCULAR DISTRIBUTION

AND A TABLE OF PROBABILITIES

C• Asano, Catholic U. of America, Washington,

D.C., June 1963, 12 p., AD 409 104.

A method is suggested for testing whether

two samples observed on a circle are drawn
from the same distribution• The proposed test

is a modification of the well-known Wald-

Wolfowitz runs test for a distribution on a

straight line . . .

STUDIES IN RESEARCtt METHODOLOGY VI.

A SAMPLING STUDY OF THE CENTRAL

LIMIT THEOREM AND THE ROBUSTNESS

OF ONE SAMPLE PARAMETRIC TESTS

J. V. Bradley, Behavioral Sciences Lab,,

Aerospace Medical Die. Wright-Patterson

Air Force Base, Ohio, Final rept,, March

1963, 305 p., AD 411 439.

• . . the time to operate an instrument con-

trol is likely to have a distribution with a
distinctive, extremely nonnormal shape . . .

sampling study upon a population representing
time scores for the operation of a push button•

Ten thousand samples were drawn at each of

the sample sizes, 2, 4, 8, 16, 32, 64, 128...

THE DETERMINATION OF LAWS OF DISTRI-

BUTION ON THE BASIS OF A SMALL

NUMBER OF OBSERVATIONS

V. V. Chavchanidze, et al., Foreign Tech. Die.,

Air Force Systems Command, Wright-

Patterson Air Force Base, Ohio, March

1963, 18 p., (Trans. no. FTD-TT-62-1048

from Russian book, Primenenive Vychislitel'

noy Tekhniki dlya Avtomatizatsii Prozvodstva,

Mashgiz, Moskva, p. 129-139, 1961),
AD-299 643.

STATISTICAL INSTRUMENTATION STUDY

A.W. Crooke, et al., Litton Systems, Inc.,

Waltham, Mass., March 1963, 84 p.,

AD 405 925.

• . . techniques for estimating n-th order

statistics of sig_lals . . . including curve fitting

methods . . . and success counting methods . . •

a breadboard model . . . device will calculate

fourth (and lower) order joint and conditional

probability density functions and distribution

functions for signals with bandwidth less than

i0 Kcps . • .

COMPUTER GENERATION AND TESTING OF

RANDOM NUMBERS

L. J. Gannon, et al., Phillips Petroleum Co.,

Idaho Falls, Idaho, Atomic EnergyDiv. AEC,

Natl. Reactor Testing Station, Aug. 1963,

43 p., N64-11093.

• . . two methods most commonly used to

obtain random numbers. These methods are the

multiplicative congruential method and the mixed

congruential method, and both methods involve

somewhat arbitrary parameters . . .

2O
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ESTIMATION OF THE ACCURACY OF THE

CROSS-CORRELATION FUNCTION AS IT

DEPENDS ON THE TIME DURATION OF

THE EXPERIMENTAL RECORDING

(Translation)

I. A. Gelfanbein, Engineering Cybernetics, Jan.-

Feb. 1963, p. 54/60, A64-15929.

Evaluation of the error occurring in the calcu-

lation of the cross-correlation functions of two

stationary random processes, on the assumption

that the duration of the experimental recording is

finite and equal ....

EXPERIMENTAL INVESTIGATION OF THE

PEAKS OF THE SMOOTHED ENVELOPE

OF QUASI-SINUSOIDAL NOISE

V. T. Goryainov, Radio Engng: Transl. of
Radiotekhnika, vol. 18, no. 3, March

1963, p. 1/8.

An experimental setup is described for obtaining

samples (osctllograms) of the smoothed envelope

of quasi-sinusoidal noise. A method of processing

the oscillograms to determine the statistical

characteristics of the peaks of the smoothed

envelope is given. Experimental results are pre-

sented, showing the distribution of the highest

maxima, of the lowest minima and of the vertical

distance between a minimum and the following

maximum in samples of the smoothed envelope of

the sum of a sinusoidal signal and Gaussian

noise ....

HYBRID ANALOG-DIGITAL RANDOM-NOISE

GENERATION

R. Hampton, et al., Arizona U., Tucson, 1963,

3 p., Memo no. 71, AD 416 387.

Random-noise generators for random-process

and statistical studies with analog and hybrid

analog-digital computer should produce noise

signals whose amplitude distribution, d-c un-

balance, spectrum, and RMS level is specified

within the computer-accuracy limits (0.1 to 0.5

per cent) . . .

REGRESSION ESTIMATION FOR AN

AM PLITUDE- LIMITED-RANDOM

VARIABLE

E. F. Harding, Royal Armament Research and

Development Establishment, Gt. Brit., Feb.

1964, 8p. RARDE M464, AD430931.

• . . fitting formulae to empirical data which

are subject both to random deviations and over-

riding bounds on magnitude .... for use when

the fact that many of the data lie on these

boundaries interferes with the routing applica-

tion of such usual methods as the "least-squares"

technique .... definition of "Quadratic Expec-

tation of Error" .... tn the absence of bounds

on the size of the data, the method _ven here is

identical with the usual least-squares estimation

technique.

CONFIDENCE INTERVALS AND SAMPLE

SIZES IN THE MEASUREMENT OF SIGNAL

AND NOISE POWERS, SIGNAL-TO-NOISE
RATIOS AND PROBABILITY OF ERROR

J. Holsinger, Lincoln Lab., Mass. Inst. of

Technology, Lexington, Jan. 1963, 42 p. incl.

illus., 9 refs., Rept. no. 34G-9, AD 295 133.
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The estimation errors involved in both

discrete and continuous estimates of certain

parameters of a Gaussian random process is
considered ....

MATHEMATICAL METHODS FOR PROCES-

SING STATISTICAL DATA: BOOK
REVIEW

G. Kil'kishev, et al., Joint Publications

Research Service, Washington, D.C., Trans.

of #Voprosy Ekonomike (USSR) 1962, no. 12,
p. 114/117, AD 404 674.

COMBINATIONS OF LEAST-SQUARES
APPROXIMATIONS IN THE CASE OF

CORRELATED VARIABLES

P. L. Kadakia, Smithsonian Astrophysical

Observatory, Cambridge, Mass., April 2,

1963, 13 p., 6 refs., N63-19543.

The problem of estimating a mean vector

of n independent sample mean vectors of the

same population or the same physical quantity

with their corresponding n variance-covariance

matrices (or weight matrices) for which off-

diagonal elements are nonzero, e.g., when

fitting an equation of polynomial of some degree

to a large number of observations by the least

squares. The method of solution discussed is

based on the statistical estimation theory . . .

SOME RELATIONS BETWEEN DIGITIZING

PARAMETERS AND CALCULATED STA-

TISTICS OF A WAVEFORM

R. McAulay, U. of Illinois Engineering Experi-

ment Station, Urbana, Rept. no. RRI208,

Aug. 1963, 36 p., AD 417 243.

A FAST PROCEDURE FOR GENERATING

EXPONENTIAL RANDOM VARIABLES

(Mathematical Note No. 283)

M. D. MacLaren, et al., Boeing Scientific

Research Labs., Seattle, Wash., Mathema-

tics Research Lab., Jan. 1963, 12 p., 3

refs., N63-21696.

• . . in decimal and binary digital computers.

Theoretically, the method is vecy exact; however,

practically, the results are approximations . . .

SOME OBSERVATIONS ON MEASURABLE

PROPERTIES OF RANDOM PROCESSES

AND FIELDS. I

D. Middleton, Litton Systems, Inc., Waltham,

Mass., Rept. no. TR63 4BF, March 1964,

54 p., AD 434 120.

A number of useful, measurable properties

of random processes and random fields are

defined and discussed, and it is shown how these

results may be applied to observations neces-

sarily finite in time and in space ....

AN ANALYZER FOR MEASURING THE

WIENER COHERENCY MATRIX OF TWO

SIGNALS (Correspondence)

N. G. Parke, III, Proc. IEEE, vol. 51, no. 6,

June 1963, p. 951/952.
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The density form of the Wiener coherency

matrix is equivalent from an information theo-

retical standpoint to the matrix of auto- and

cross-correlations of two signals. A technique

for measuring a two-by-two Wiener coherency

matrix using four multiple-filter spectrum

analyzers has been worked out ....

ANALYSIS OF NONSTATIONARY DATA USING

AN AIRBORNE SPECTRUM ANALYZER

(Correspondence)

A. G. Ratz, Proc. IEEE, vol. 51, no. 3, March

1963, p. 491/492.

Spectrum analysis of missile or aircraft vi-

bration signals carried out in real time using

on-board swept spectrum analyzers . . , One

aspect . . . considerable interest is the very

pertinent question of stationarity . . .

STUDENTIZATION OF TWO-STAGE MEANS

FROM NORMAL POPULATIONS WITI[ UN-

KNOWN VARIANCES. I. GENERAL

THEORY AND APPLICATION TO THE

CONFIDENCE ESTIMATION AND TESTING

OF THE DIFFERENCE IN POPULATION

MEANS

H. Ruben, Columbia U., New York, Dec. 1960,

24 p., AD 412 319.

A two-stage sampling procedure is developed

for the estimation of means, and functions of

means, of unknown normal populations by means

of confidence sets of predetermined dimensions,

and concomitantly, for testing hypotheses re-

lating to these means with power independent of

the unknown variances ....

MEASUREMENT OF SUBJECTIVE PROBABILITY

DISTRIBUTIONS

M. Toda, Institute for Research, State College,

Pa., July 1963, 34 p., AI) 416 405.

Five experimental one-person games are

derived which promise both valid and efficient

°

measurement of discrete and continuous subjective

probability distributions ....

Related Publications:

THE MEASUREMENT OF POWER SPECTRA

FROM THE POINT OF VIEW OF COM-

MUNICATIONS ENGINEERING - PART I

R. B. Blackman, et al., Bell Syst. Techn. J.,

vol. 37, no. 1, Jan. 1958, p. 185.

THE MEASUREMENT OF POWER SPECTRA

FROM THE POINT OF VIEW OF COM-

MUNICATIONS ENGINEERING- PART II

R. B. Blaekman, et al., Bell Syst. Techn. J.,

vol. 37, no. 2, March 1958, p. 485-569.

THE DESIGN OF CONDITIONAL PROBABILITY

COMPUTERS

A. M. Uttley, Information & Control, vol. 2,

no. 1, April 1959, p. 1/24.

STUDIES IN RESEARCH METHODOLOGY. IV.

A SAMPLING STUDY OF THE CENTRAL

LIMIT THEOREM AND THE ROBUSTNESS

OF ONE-SAMPLE PARAMETRIC TESTS

J. V. Bradley, Behavioral Sciences Lab.,

Aerospace Medical Div., Wright-Patterson,

AFB, Ohio, March 1963, 305 p., AMRL

TDR63 29, AD 422 649.

• . . the approximate validity of certain

normality-assuming statistical tests at various

sample sizes, was investigated by performing a

large sampling study upon a population repre-

senting time scores for the operation of a push

button. Ten thousand samples were drawn at

each of the sample sizes, 2, 4, 8, 16, 32, 64,

128, 256, 512, 1024, and for each sample Z, t,

and chi-square were calculated. The sampling

distributions . . . departed from their normal-

theory distributions . . . Even at N = 1024 these

departures were quite appreciabIe at the

testing ....

Section 1.12

Information Theory

The selections for this section have been made prinmrily from the communication branch of information

theory. Within this restraint it was found advisable to concentrate references to communications channel

models in section I. 13. Most of the fundamental papers in information theory originated prior to 1958

and the reader will find references from that period in the books and bibliographies quoted in this

collection.

Information theory has recently found increasing applications in practical channel characterization. The

reader will find in division 1.6 many contributions which could also be classified as papers in information
theory, but references are not duplicated here.

Signal theory or, more accurately, the theory of signal space is frequently considered a branch of informa-

tion theory. Here it is separated as section l. 14.

Detection theory is possibly the most important application of information theory in space communications.

It is covered in vol. 2 of this series. The samc applies to coding theory and in particular to the theory of
error correcting codes.

Adaptivc communications systems arc of great interest to space communications engineers. The theory and
practice is referenced amt division 2.9.

22
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1.120: BooksandSurveysonInformationTheory

Included:Booksoncommunicationstheory;Generaltreatmentofnoiseimmunity;Cybernetics and

information theory.

Not Included: Theory of automata; Bionics and its theory (3B)•

Principal Publications:

THE THEORY OF OPTIMUM NOISE IMMUNITY

V. A. Kotel'nikov, New York, McGraw-Hill,

Book Co., Inc., 1959, 140 p.

. . . first English-language account of Dr.
Kotel'nikov's 1947 doctoral dissertation at the

Molotov Energy Institute .... interesting

addition to . . . the statistical theory of signal

detection . . . a study of considerable historical

interest•

INFORMATION THEORY AND STATISTICS

S. Kullbaek, New York, John Wiley & Sons,

Inc., 1959, 395 p.

GRUNDLAGEN UND AN-WENDUNGEN DER

INFORMATIONSTHEORIE IN: KOMMUNIKA-

TION UND KYBERNETIK IN EINZELDAR-

STELLUNGEN) (BAND 1) (Fundamentals and

Applications of Information Theory) (In:

Communications and Cybernetics, a Series

of Separate Volumes) (Volume 1)

W. Meyer-Eppler, Berlin, Springer-Verlag,

1959, 446 p.

INFORMATION TRANSMISSION, MODULATION,
AND NOISE

M. Schwartz, New York, McGraw-Hill Book

Co., Inc., 1959, 454 p.

PROBABILITE ET INFORMATION (Probability

& Information) (Monographies Dunod, No.

20)

A. M. Yaglom and I. M. Yaglom, Paris,

Dunod, 1959, 175 p.

AN INTRODUCTION TO STATISTICAL

COMMUNICATION THEORY

D. Middleton, New York, McGraw-Hill Book

Co., Inc., 1960, 1070 p.

• • . Few technical books can claim to be

packed with such a weight of material as this

one .... A knowledge of Fourier- and Laplace-

transform methods, contour integration, ma-

trices, simple integral equations, and the usual

techniques of advanced calculus courses is also

required, along with the elements of circuit

theory and the principles of radio, radar, and

other types of electronic communications

systems .... it must be admitted that almost

all the points of interest are covered ....

LECTURES ON COMMUNICATION SYSTEM
THEORY

23

E. J. Baghdady (editor), New York, McGraw-

Hill Book Co., Inc., 1961.

• . • The book is essentially a collection of

papers resulting from the MIT summer program

(1959) on "Reliability Long-Range Radio Com-

munication. " The 18 authors are recognized

authorities in their respective specialities, and

the reader can appreciate the effort required to

edit the contributed material into the 23 chapters

which make up the book ....

INFORMATION THEORY--THE FOURTH

LONDON SYMPOSIUM

C. Cherry (editor), London & Washington,

Butterworths, 1961, 476 p.

• . . new and interesting results . . . no

library of information theory would be complete
without it .... table of contents ....

PROGRESS IN INFORMATION THEORY IN THE

USA, 1957-1960

P. Elias, et al., IRE Trans. Inform. Th., vol.

IT-7, no. 3, July 1961, p. 128/144

TRANSMISSION OF INFORMATION, A STA-

TISTICAL THEORY OF COMMUNICATIONS

R. M• Fano, New York, John Wiley & Sons,

Inc., and Cambridge, Mass., MIT Press,

1961, 389p.

• . . presents an authoritative and extremely

detailed development of the basic facts of

Shannon's theory on coding for sources and

channels. Particular emphasis is placed on

the Gaussiau channel, the binary symmetric

channel, and bounds on the probability of error

for discrete memoryless channels. Parity-

check codes are introduced only briefly, in

connection with the asymptotic theory ....

ENTROPIE (The Entropy) (In French)

J• D. Fast, Paris, Dunod, 1961, 326p.

The understanding of the term "entropy" pre-

sents frequently some difficulties• The author

presents an explanation of entropy in an ele-

mentary manner, starting with the fundamentals

of thermodynamics, statistical mechanics, and

quantum mechanics.

AN INTRODUCTION TO THE PRINCIPLES OF

COMMUNICATION THEORY

J. D. Hancock, New York, McGraw-Hill

Book Co., Inc., 1961, 253 p.
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AN INTRODUCTION TO INFORMATION THEORY

F• M. Reza, New York, McGraw-Hill Book Co.,
Inc., 1961, 449 p.

• . . devoted primarily to problems of coding

and the transmission of information.., problem

of detecting a radar target or the problem of

optimum filtering .... fairly extensive dis-

cussion of group codes, including such subjects
as Hadamard matrices and Bose-Chaudhuri

codes ....

THEORY OF THE TRANSMISSION AND

PROCESSING OF INFORMATION

A. G. Vitushkin, Oxford, Pergamon Press

Limited, 1961, 230 p.

• . . a research monograph which deals, in an

abstract and rigorous manner, with the estima-
tions of the information content of various prob-

lems in tabulation• Translated from the Russian

it defines mathematically the concept of the

complexity of a tabulation problem .... The

formal definition of a concept of this kind, apart

from its purely theoretical interest, is required

in machine mathematics, and in the first instance,

in the automization of programming ....

"Theory of Transmission" represents in clear

and concise terms the Soviet thinking in this

field....

CYBERNETICS, OR CONTROL AND COMMUNI-
CATION IN THE ANIMAL AND TIIE

MACHINE (Second edition)

N. Wiener, New York, John Wiley & Sons, Inc.,

and Cambridge, Mass., MIT Press, 1961,

212 p.

INFORMATION THEORY AND ITS ENGI-

NEERING APPLICATIONS

D. A. Bell, London, Sir Isaac Pitman and

Sons Ltd., 1962, 196 p.

• . . substance of developments published

since 1948 in the theory of the performance of

communication systems .... expressed

comfortably within the range of mathematics

associated with an honors degree in electrical

engineering or physics . . . provides a con-

venient summary of information theory ....

SCIENCE AND INFORMATION THEORY

L. Brillouin, New York, Academic Press, Inc.,

1962.

• . . differs from the first (1956) principally

in the inclusion of two additional final chapters

on "Inevitable Errors, Determinism, and

Information" and "The Problem of Very Small
Distances." . . .

AN INFOIIMATION TIIEOIIY FOIl TIME-

CONTINUOUS PllOC ESSI.:S

1l. Y. lfuang, Syracuse U. Research hast.,

N.Y., (llept. no. EE 89.t-625TN1; Teclmica[

rcpt. no. 1), May 1962, 99 p. incl. illus.,
25 rcfs., A1) 276 697.
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INFORMATION THEORY

B. McMillan, et al., Proc. IRE, vol. 50, May

1962, p. 1151/1157•

INFORMATION THEORY, AN ASTIA REPORT
BIB LIOGRA PH Y

H. W. Miles, Armed Services Technical Infor-

mation Agency, Washington, D. C., Jan.

1962, 35 p•, AD 269 800.

. . . References are included for documents

catalogued by ASTIA from 1953 through 1 January

1962 . . . channel, capacity, coding, communi-

cation systems, and theory, data transmission

systems, and computer design_.

CODING TIIEOREMS OF INFORMATION

THEORY (Vol. 31 of"Ergebnisse der

Mathematik und ihrer Grenzgebiete, N. F. ")

J. Wolfowitz, Englewood Cliffs, N.J., Prentice-

Hall, Inc., and Berlin, Springer-Verlag,

1962, 124p.

The author is concerned with information

theory in the narrow sense, i.e., the proof of

Shannon's fundamental coding theorem and its

converse for a wide variety of channel models.

The book is strictly a formal mathematical

development; there is no discussion of applica-

tions or of the construction of error-correcting
codes ....

PRINCIPLES OF TtIE STATISTICAI, THEORY

OF COMMUNICATION

W.W. flarman, New York, McGraw-llill Book

Co. , Inc. , 1963, 291 p.

• . . textbook for classroom use .... An

admirable series of exercises punctuates the

text. Far from simply asking the student to sub-

stitute numbers into formulas, they are skillfully
designed to make him think about the subject at

hand and to guide him in applying it ....

ENGINE ERING CYBERNETICS

A. G. Ivankhnenko, Joint Publications Research

Service, Washington, D. C., Jan. 1963,

625 p., AD 406 020.

INFORMATION UND ENERGIE (Information and

Energy) (In German)

F. L. Stumpers, (NTG-Fachtagung "Informa-

tionstheorie, " Stuttgart, Germany, April 5,

1963. ), NTZ - Nachrichtentechnische

Zeitschrift, vol. 17, Jan. 1964, p. 35/41,

16 refs., A64-14749.

Discussion of the relationship between infor-

mation and energy, on the basis of Shannon's

formula in the theory of information. Specifically

examined are certain paradoxes encountered in

the interpretation of Shannon's formula, as well

as a new interpretation of the interpolation
theorems. The analysis illustrates the changes

in the i_fformation-energy relation which take
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place when the strict bandwidth limitations are

lifted ....

FOUNDATIONS OF INFORMATION THEORY

(This is part of "Report on Progress in

Information Theory in the USA 1960-1963",

edited by L. A. Zadeh. )
A. J. Thomasian, IEEE Trans. Inform. Th.,

vol. IT-9, no. 4, Oct• 1963, p. 221/223,

43 refs.

Related Publications:

• • . reprinted here at the suggestion of the

Editor of these Transactions, in the hope that

it will be diverting, and perhaps also instruc-

tive, to an audience of engineers ....

THEORY OF ADAPTIVE MECHANISMS

M. K. Hu, etal., Syracuse U., Research Inst.,

N. Y., Dec. 1963, 110p., Rept. no• EE894

6307F, AD 429 935.

RANDOM PROCESSES IN CONTROL AND

COMMUNICATIONS

R. F. Drenick, IEEE Trans. Mil. Electronics,

vol. MIL-7, no. 4, Oct. 1963, p. 275/280.

• . . surveys the main results of informa-

tion theory, and of related theories . . .

written originally for the audience of Science

• . . four different but related tasks ....

(1) Information Contents of Time Continuous

Processes• (2) Visual Pattern Recogq_ition by

Moment Invariants. (3) Control and Communi-

cation Systems in the Blood• (4) Experiments

on the Use of Threshold Logic for Learning
Machines ....

I. 121: Information Theory and Communications Techniques

Included: Information theory and physical measurements; Theory of experimental errors;

Lattice theory of information; Concept of coherence•

Not Included: Theory of coherent detectors; Theory of power law detectors (2); Systems theory;

Learning processes; Theory of synchronization processes; Theory of radar detection (2).

Cross References: Uncertainity principle (1. 141); Quantum channels (1. 123)•

Principal Publications:

A MATHEMATICAL THEORY OF COMMUNICA-

TION

C. E. Shannon, Bell System Tech. J., vol. 27,

Oct. 1948, p. 623/656.

THE LATTICE THEORY OF INFORMATION

C. E. Shannon, Proc. Syrup. Information Theory,

1950, p. 105,/107.

TELEMETERING AND INFORMATION THEORY

F. W. Lehan, IRE Trans. Telem. Remote Contr.,

vol. TRC-1, no. 1, Aug. 1954, p. 15/19•

SOME APPLICATIONS OF DYNAMIC PROGRAM-

MING TO COMMUNICATION AND INFORMA-

TION THEORY

R. Bellman, et al., Rand Corp., June 1958, 37

p., AD 207 450.

THE FUNDAMENTAL THEOREMS OF INFORMA-

TION THEORY PARTICULARLY IN TELE-

COMMUNICATIONS

H. Wolter, Arch. Elekt. Ubertragung, vol. 12,
Aug. 1958, p. 335/345.

An ambiguity in the proof of Shannon's

sampling theorem and the contradictions in-

volved in the assumption of sharp frequency

limits are discussed .... determining time

function at the input . . . from the time function

25

measured at the output .... therefore effec-

tively expand the channel bandwidth to any
desired value.

INEVITABLE EXPERIMENTAL ERRORS,

DETERMINISM, AND INFORMATION
THEORY

L. Brillouin, Information & Control, vol. 2,

April 1959, p. 45/63.

Classical physics was based upon the

assumption that experimental errors were just

accidental and should be ignored by the theory.

Modern physics realizes that errors are in-

evitable and that it is impossible to go to the

limit of infinitly small errors. The uncertainty

principle and the negentropy principle of infor-

mation prove that the smaller the error, the

greater the price that must be paid for the
observation.

INFORMATION CAPACITY OF COMMUNICA-

TION NETWORKS

L. S. Schwartz, Proc. Nat. Electronics, Conf.,

vol. 15, Oct. 1959, p. 414/420.

When circuits are put together to form communi-

cation networks of transmitters and receivers, as

in air defense and missile systems, performance

is measured in terms of parameters like informa-

tion flow and error probability . . . topology can

be a useful tool in establishing fundamental proper-
ties of communication networks. Information flow
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is treated as the analogue of branch current.

The information capacity of the network may be

obtained from the minimum-valued cut-set

theorem, knowing the branch capacities. By

this means changes in overall network capacity

with changes in circuit configuration or branch

capacity may be determined.

COMMUNICATION APPLICATIONS OF INFOR-

MATION THEORY

B. L. Basore, Dikewood Corp., Albuquerque,

N. Mex•, Final rept., Dec. 1960, 37p.,

Rept. DRF-1004, AD 257 983.

A mathematical model of communication in a

situation in which learning occurs . . . the

equivocation measuring the uncertainty about

what message was transmitted is greater in a
learning situation than in the case covered by

conventional communication theory . . . this
increase is more than the amount of information

which may be learned from the one transmission

about the statistical description of the trans-

mitter's message set.

A PRACTICAL LOOK AT INFORMATION

THEORY

W. K. MacAdam, Electrical Engineering, vol•

79, no. 7, July 1960, p. 584/587.

INFORMATION THEORETIC ASPECTS OF

PARTICLE LOCATION ON TIlE BASIS OF

DATA FROM SEPAIL_TED OBSERVERS

C. Pedersen, Electronics Research Labs.,

Columbia U., New York, Sept. 1961, 151 p.,

5 refs., Tech. rept. no. T-4/I61, AD 402
281.

A number of separated and isolated observers

each record the distances between themselves

and a number of spatially distributed particles,

without identification of the distances with indi-

vidual particles. The problem is to discover

sets of observed data referring to individual

particles in order that the particle locations

may be computed•

DETERMINATION OF THE FUNCTION OF AN

IDEAL RECEIVER

N. L. Teplov, Radio Engng: Transl. of Radio-

teldmika, vol. 16, no. 3, 1961,

p. 30/38.

Functions of an ideal receiver are defined,

depending oa the statistical structure of informa-

tion and on the signal form. Parameters of an
almost ideal receiver are shown ....

A NOTE ON TttE FORMATION OF CONCEPT

AND OF ASSOCIATION BY INFORMATION-

TIIEORETICAI, CORREI,ATION ANALYSIS

S. Watanabc, Inform. Control, vol. 4, no.

2/3, Sept. 1961, p. 291/29(;.

• . . hereafter referred to asITCA pro-

vides a powerful tool in producing mechanizable
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models of a certain type of cognitive and

recognitive processes, such as concept forma-

tion, formation of association, pattern recogni-

tion, indexing, taxonomical and other classifi-

cation, identification of "clusters, " medical

diagnoses, etc ....

MINIMUM-PHASE SYSTEMS (In German)

G. Wunsch, Nachrichtentechnik, vol. 11,

no. 3, March 1961, p. 99/102.

A statement of basic principles leads to a

discussion of the question whether or not it is

possible for a loss of information to take place

in a linear network forming part of a communi-

cation system. It is shown that no loss of
information can take place if the network is of

minimum-phase type.

OPTIMUM MESSAGE TRANSMISSION IN A

FINITE TIME

S. S. L. Chang, etal., IRE Trans. Inform. Th.,

(Intern. Synp. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. 215/224.

The basic problem of transmitting information

through a noisy channel in a finite time with the
least error is considered. The transmitted

signals are either peak of average power limited,

and the interference is presumed to be additive

white gaussian noise. It is shown that the optimum

signals are sequences of binary waveforms re-

sembling a (2 m - 1, m) Slepian group code, the

generators of which can be obtained from a modi-

fled Reed Code.

An analysis is also made of near-optimum

codes which allow some inequality in the distance

between code words in signal space. The advan-

tage of these near-optimum codes is that for a

small sacrifice in error probability, either the

information rate can be substantially increased,

or the bandwidth of the system greatly reduced.

The details of these systems are given and the

results show that a many-fold improvement is

obtained ....

INFORMATION TRANSMISSION WITH

ADDITIONAL NOISE

R. L. Dobrushin, et al., IRE Trans. Inform. Th.,

(Intern, Syrup. Brussels 1962), rot. IT-8

no. 5, Sept. 1962, p. 293/304.

• . . the message . . . is mapped onto the

random signal . . . requirement that the distri-

bution of the input signal . . . should belong to

a certain selected class of distributions . . .

there is given the space of output signal values

• . . and the channel transition function . . .

Finally there is the space . . . of the message

values on the output ....



1° 121

COMMUNICATION THEORY VS COMMUNI-

CATIONS (Correspondence)

R. M• Lerner, IRE Trans. Inf. Theory, vol.

IT-S, no. 4, July 1962, p. 325.

In a recent book review, J. P. Costas levels

a blast at communication theory: it has had

little impact on real communication . . .

Since my name appears prominently in Costas'

discussion, perhaps I may be permitted a few

comments ....

SPAN: A PRACTICAL COHERENT SYSTEM

ANALYSIS METHOD

J. C. O'Brien, Conf. Proc. Natl. Cony. Mil.

Electronics, vol. 6, June 1962, p. 56/62.

The need for an exact, universal performance

measure, suitable for expressing the dynamic

laws of system behavior, is generally recognized.

For several years, Nortronics . . . has been

actively engaged in research to define such a

unit for use in systems engineering and design

projects .... a measure is currently to be
found in various limited areas of scientific

technology• Examples are the entropy

measure of availability of heat energy in

thermodynamics, the Laplacian equation for

the flow rate of energy density in classical

physics, and the subjective measure of avail-

ability of decisions which is called information

content flow or "negentropy" rate, in informa-

tion and communication theory .... The result

has been designated the SPAN (System Per-

formance Analysis) method. It still requires

considerably more validation to merit acceptance

as a rigorous analytical tool ....

INFORMATION THEORY - A BASIC

COMMUNICATION SYSTEM

C. G. Shonerd, Army Signal Missile Support

Agency, White Sands Missile Range, N. Mex.,

July 1962, 12 p. incl. illus., 11 refs,

(Technical rept. no. EID-12D, AD284580.

A basic communications system is redefined

in terms of modern information theory. This

report is aimed, basically, at those users who
may be new to this particular discipline. Be-

cause of the complexity of the discipline no

attempt is made towards complete analysis or

coverage. A bibliography is presented for

those users who require more sophisticated

approaches or applications.

ON SYNCHRONIZATION IN COMMUNICATION

THEORY

I. S. Reed, RAND Corp., Santa Monica, Calif.,

March 1963, 12 p., (Memo no. RM-3561-PR),
AD 299 700.

GROUP SYNCHRONIZATION AS AN INFORMA-

TION DETERMINING PROCESS

(Correspondence)

D. R. Rhodes, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 249/250.

Group synchronization in time-division com-

munication is a special case of the general

problem of transmission of information, and,
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as such, can be treated by the methods of infor-

mation theory• The information to be com-

municated is the location of the sync position;

i.e., the starting position of the group ....

CODING, FILTERING, AND INFORMATION

THEORY

L. S. Schwartz, Md. U. Proc. of the Space

Communications Inst., Md. U., College

Park, June 23-28, 1963, p. 15/35, refs.,

See N64-17194, N64-17196.

• . . theory of communications . . . largely

the work of two men, Claude Shannon and Nobert

Wiener• . . recent developments• . . reliability
improvement . . . method of decision in the

receiver . . . feedback channel . . .

CONCERNING THE GREATEST AMOUNT OF

INFORMATION FROM A SOURCE WHICH

IS BEING REMOVED WHEN FLUCTUATION

NOISES ARE PRESENT IN A RECEIVER

WITH A UNIFORM FREQUENCY
SPECTRUM

V. I. Siforov, Joint Publications Research

Service, Washington, D. C., News of the

Acad. of Sci. USSR, Dept. of Tech. Sci. ;

Tech. Cybernetics, no. 4, Dec. 1963,

p. 115/119, refs., seeN64-12451, N64-12457.

It is proved that, when using any wide fre-

quency band for the information transmission

channel during the course of an unlimited time,
the total amount of information received is

finite. An approximate expression for the

largest amount of information is found.

MEASURING INSTRUMENT AS A SOURCE OF

INFORMATION

I. M. Sorkin, Radio Engnlg: Transl. of Radio-

tekhnika, voL 18, no. 8, Aug. 1963,

p. 49/56.

The principles of information theory are used

to analyze the operation of an indicating measuring

instrument when the quantity to be measured is

fluctuating, under the action of random factors,

within a finite interval ....

Related Publications:

INVESTIGATION OF HIGH FREQUENCY

LIMITATIONS IN MILLIMETER WAVE

GENERATORS

J. Schwinger, Cambridge, Mass. Final rept.,

Jan° -June 1962, June 1962, 25 p., AD276

940.

• . . relationship between the uncertainty

principle and minimum amplifier noise is ex-

amined .... the concept of coherence is dis-

cussed . . . Harmonic oscillator states are

examined for coherence. The concept of noise
is then discussed and contrasted with incoherence.

• . . Spontaneous emission is examined both for

coherence and noise .... amplifying mechanism

is treated quantum-mechanically.
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LEARNINGPROCESSANDINVERSEH-
THEOREM

S.Watanabe,IRETrans.Inform.Th., Intern.
Symp.Brussels1962,vol. IT-8,no.5,
Sept.1962,p. 246/251.

It isproposedtousethetimerateofde-
creaseoftheentropydefinedbytheresponse
probabilitiesasameasureofthespeedof
learning.Anempiricalformula. . . was
introducedtodescribetheentropyasafunction
ofthetrial number,andtheparametersinvolved
in theformulaaregivenintuitivemeanings....

SYSTEMSANDINFORMATION
W•R. Ashby,IEEETrans.Mil•Electronics,

vol.MIL-7,no.2/3,April/July1963,
p. 94./97•
Informationtheoryis essentiallyamethod

for.., cause-effectrelations... Communi-
cationtheoryhasbeenseverelyrestrictedby
itsoriginalconcentrationontheergodicand
stationary.Adaptivesystems,however,by
leavingbadwaysofbehavingandchanging
permanentlytoother(andbetter)waysofbe-
having are necessarily none rgodic and non-

stationary. The methods of uncertainty

analysis (McGill and Garner) seem appropriate

here. These rnethods give a new precision to

such questions as: What is a "system"? • . •

1.122: Definitions and Terminology in Information Theory

Included: Entropy; Entropy power; Information transmission rate: Noise-proof factor; Instantaneous

entropy; Negentropy; Redundancy in general; Equivocation; Quantity of information.

Not Included: Definitions of control theory and systems theory; Definitions of detection and decision

theory (2).

Cross References: Channel capacity (1. 130); Definitions of special channel models (1. 130); Defini-

tions of signa_Theory (uncertainty principle) (i. 14t).

Principal Publications:

IRE STANDARDS ON INFORMATION THEORY:

DEFINITIONS OF TERMS

Proc. IRE, vol. 46, Sept. 1958, p. 1646/16.18.

, A PARADOX CONCERNING RATE OF INFOR-

MATION: CORRECTIONS AND ADDITIONS

I• J. Good, et al., Information & Control,

vol. 2, no. 2, Feb. 1959, p. 195/197.

SOME INEQUALITIES SATISFIED BY THE

QUANTITIES OF INFORMATION OF

FISItER AND SHANNON

A. J. Stare, Information & Control, vol. 2,

no. 2, Feb. 1959, p. 101/112.

A certain analogy is found to exist between a

special case of Fisher's quantity of information
I and the inverse of the "entropy power" of

Shannon.

DIE LOGISCttE VERKNIJPFUNG ALS EINttEIT

DER NACIIRICHTENVERARBEITUNG (The

Logical Reaction as a Unit for Information

Processing. ) (In German)
K. Stetnbuch, Nachrich. Zeitschrift, vol. 12,

April 1959, p. 169/175.

PARADOXES REI_YTED TO TttE RATE OF

TRANSMISSION OF INFORMATION

P. Swerling, Inform. Control, vol. 3, no. 4,

Dec. 1960, p• 351/359.

• . . such paradoxes are not necessarily

dependent on the assumption of Gaussian
statistics.

• . . in the case where sig_ml and aoise are

assumed to he Gaussian, a different example of

this type of paradox is derived: also, a necessary

and sufficient condition for the avoidance of this

form of the paradox is derived. This condition

is shown to be satisfied in a class of plausible

physical situations ....

NEGENTROPY REVISITED (Correspondence)

P.A. Clavier, l>roe. IRE, vol. 49, Sept. 1961,

p. 1438.

A NEW DERIVATION OF TIIE ENTROPY

EXPRESSIONS

S. W. Golomb, IRE Trans. Inform. Th.,

vol. IT-7, no. 3, July 1961, p. 166/167.

In the discrete case, the Shannon expression

for entropy is obtained as a line integral in

prabability space . . . In the continuous case,

the continuous analog of information density is

integrated to obtain the entropy expression for

continuous probability distributions.

BEGRIFFE UND DEFINITIONEN IN I)ER

INFORMATIONSTtIEORIE (Terms and

Definitions in Information Theory) (In

German)

P. Neidhardt, Elektronische Rundschau, vol.

15, no. 7, July 1961, p. 314/323.

UBER DIE WECHSELBEZIEItUNGEN VON

BLIND-, WIRK-UND SCItEININFORMATION
ZUR SYMBOL- UND KANALb:APAZITAT IN

DER INFORMATIONSTttEORIE (On the Inter-
relation between Reactive- Resistive- and

Apparent Information on the One Side and the

Symbol and Channel Capacity on the Other

Side) (In German)

P. Neidhardt, Nachriehtentechnik, vol. 11, no.

lt, Nov. 1961, p. 4S1/483.
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• ON INSTANTANEOUS ENTROPY

W. H. Foy, Jr., IRE Trans. Inform. Th.,

(Intern. Syrup. Brussels 1962), vol. IT-8,
no. 5, Sept. 1962, p. 267/274.

• . . In many communication and control

problems .... the quantities of interest come

from a class of sigllals. We can assign a

probability distribution over function space,

and the entropy of this distribution measures

our uncertainty as to the occurrence of any

given signal in the class. In many other

problems, on the other hand, we are inter-
ested in the value of some function at a

particular instant. A probability distribution

is assigned over the function values, and the

"instantaneous entropy" of this distribution

measures our uncertainty as to the instantan-

eous function value. This interpretation finds

useful application to a long list of problems in

communication, data-processing, guidance

and control .... We shall be concerned in

this paper with the instantaneous entropy of

continuously distributed quantities ....

FERRETING SIGNALS OUT OF NOISE

S. W. Golomb, International Science and Tech-

nology, Oct. 1963, p. 72/74, 77, 78, 80,

82, A64-10481.

• . . problems of statistical communications

theory .... A reappraisal is made of the cur-
rent forms of such basic notions as channels

(and what they include), bits and error rates

(and their significance), and noise (and the

appropriateness of the statistical procedures

applied to it).

O ZAKONAKH RASPREDELENIIA OGIBAIU-

SHCHEI SLUCHAINYKH PROTSESSOV,

OB LADAIUSHCI-IIKH MAKSIMAL'NOI

ENTROPIEI (Distribution laws of the

Envelope of Random Processes with a

Maximum Entropy) (In Russian)

L. E. Kopilovich, Radiotekhnika i Elektronika,

vol. 9, Feb. 1964, p. 339/346, A64-17134.

Study of the distribution laws of the envelope

of radio signals with a maximum entropy, using

the method proposed by Shannon. It is shown
that certain known distribution laws of the

envelope can be obtained as solutions of the

special isoperimetric problem-i, e., as dis-

tributions with a maximum entropy in the

presence of definite limitations on the random

processes.

KRITERII TOCHNOSTI TELEIZMERENIIA PRI

VOZDEISTVII POMEKIt KANALA SVIAZ

(Criterion for Telemetering Accuracy in the

Presence of Communication-Channel Noise)

(in Russian)

N. V. Pozin, Avtomatika i Telemekhanika, vol.

24, Dec. 1963, p. 1712/1717, A64-13120.

Determination of the telemetering error in-

duced by channel noise and instability of

telemetering devices. A dimensionless

criterion, termed the noise-proof factor, is

1. 122
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derived for the analysis of the effectiveness

of interference killing in individual telemetering

techniques.

Related Publications:

A NOTE ON MATHEMATICAL INDUCTION ON

PHRASE STRUCTURE GRAMMARS

R. W. Floyd, Inform. Control, vol. 4, no. 4,

Dec. 1961, p. 353/358.

• . . A string is a finite nonempty sequence

of characters chosen from a given alphabet. In

particular, each character is itself a string.

Strings will be represented by small Latin

letters. A grammatical category is a (possibly

infinite or empty) set of strings. Categories

will be represented by Latin capitals. A language

is a finite set of categories, of which one may

optionally be singled out as the category of sen-

tences or well formed lormulas ....

AMOUNT OF DECIDING AND DECISIONARY

EFFORT

I. J. Good, Inform. Control, vol. 4, no. 2/3,

Sept. 1961, p. 271/281.

• . . explicata are obtained for (1) the net

amount of deciding contained in a mental event,

F, in favor of an act or of a class of acts; (2)

the decisionary effort contained in F, with

respect to a class of acts .... It is found, for

example, that much deciding can be done effort-

lessly, and on the other hand a small amount of

deciding can consume a lot of effort .... A by-

product of the discussion is a contribution to the
axiomatics of what Kullback calls the "diver-

gence" between two probability distributions.

• . . The meanings of "decision" and "conclusion"

are briefly considered ....

POINCARE'S THEOREM AND UNCERTAINTY

IN CLASSICAL MECHANICS

L. Brillouin, Inform. Control, vol. 5, no. 3,

Sept. 1962, p. 223/245•

• . . This theorem was first stated for

celestial mechanics, but it extends immediately
to all problems of classical mechanics, pro-

vided such problems be conservative .... a

great variety of examples have been selected.

SOME PROPERTIES OF THE FINITE

CONVOLUTION

J. A. Sheehan, IRE Trans. Inform. Th.,

(Intern. Syrup. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. 283,/284.

• . . hnite convolution .... where f(x) and

g(x) are square-integrable functions of the (not

necessarily one-dimensional) variable x. By a

finite convolution we mean that r (r) vanishes

outside some finite region of r-space ....
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Section 1.13

Channel Models

Space communications systems operate over all kinds of channels• Their terminals arc either all on earth

(passive satellites or ground-to-ground support communications) or they arc partly on earth, partly in space

(active satellites and links between satellites and ground stations). The future requirements call for a large

varietyofspace-to-space links and of links between space craft and celestial bodies• Beyond that designers

will have to worry about surface communications on the Moon and on planets.

The large variety of channel characteristics in all these applications calls for realistic theoretical models.

The references in this section reflect the present thinking. A strong expansion of this field of communica-

tions theory may be expected• The reader may notice the interconnect|on of this section with the whole

division 1.6 (channel characteristics).

The fast progress in channel theory makes it advisable to avoid a further subdivision of this section at this
time. All references are therefore included in subdivision 1. 130 with the same title as the section.

1. 130: Channel Models

Included: Channels with memory; Quantum channels; Neuron channels; Bio-electronic channels;

Compound channels; Time-continuous channels; Two-way channels in general; Finite state channels;

Noiseless channels; Transmission rates; Channel capacity; Randomly time variant channels;

Channels without capacity; Erasure channels; Limiting channels; Channels with threshold effects:

Nonlinear channels•

Not Included: Bionics and space communications (3B); Channels with communications feedback (2);

Theory of finite state automata; Simulation of channel models (3A); Design of limiters.

Cross References: Time variable practical channels (1. 611); Distortions in practical channels (1.62);

Special data transmission channels (Div. 1.3); Threshold effects in frequency modulation (1. 232);

Analysis of randomly time-variant linear channels (1. 611).

Principal Publications:

PHILOSOPItY OF PCM

C. E. Shannon, et al., Proe. IRE, vol. 11, no. 36,
Nov. 1948, p. 1324/1331.

COMMUNICATIONS IN THE PRESENCE OF NOISE

C. E. Shannon, Proc. IRE, no. 37, Jan. 1949,

p. 10/22.

CAPACITY OF A CERTAIN ASYMMETRICAL

BINARY CttANNEL WITH FINITE MEMORY

Sze-Hou Chang, IRE Trans. Inform. Th., vol. IT-4,

no. 4, Dec. 1958, p. 152/159.

• . . 1) Blocks of equal numbers of binary digits

are used as the transmitting symbols. 2) The

channel resumes its quiescent state at the beginning

of each block. 3) The memory of the channel is

characterized by the dependence of the noise prob-

abilities for each digit upon the preceding digit

or digits in the same block.

TIlE UTILITY OF A COMMUNICATION CtlAN-

NEL AND APPLICATIONS TO SUBOPTIMAL

INFORMATION HANDLING PROCEDUI/ES

M. B. Marcus, IRE Trans. Inform. Th., vol.
IT-4, no. 4, Dec. i958, p. 147/151.

.... The Kelly concept--the gain of a gam-

bler who wagers his capital on the outcome of a
communication channel--is used to determine the

information rate of the channel. The mathe-

matical mmlysis follows the stochastic multi-

stage decision process technique of Bellmml and

bialaba.

TIff OP'F1MAI_ DISTRIBUTION OF SIGNAL

POWER IN A TI_kNSMISS1ON LINK

WIIOSE ATTENUATION IS A 1.'UNC'FION

OF I'_llE(_UENCY

G. Raisbeck, IRE Trans. Inform. Th., vol. IT-4,

Sept. 1958, p. 129/130.

CttANNEL CAPACITY WITIt RANDOM

ABSOllPTION CHANGES

V. I. Siforov, Radio Engng., vol. 13, no. 5,

1958, p. 9/25.

The lower limit of the capacity of a channel

with random absorption changes and the simul-

taneous action of added noise is determined. It

is shown that single-channel lines with relatively

slow random absorption changes have an ex-

tremely high capacity.

'FilE CAPACITY OF A cLASS OF CHANNELS

D. Blackwell, et al., Electronics Research Lab.,

U. of Calif., Berkeley, 16 Feb. 1959, 13p.,

Series No. 60, Issue No. 282, AD-239 993,

Reprint from the Annals of Mathematical

Statistics 30:1229-1241, Dec. i959.

Shannon's basic theorem on the capacity of

a channel is generalized to the ease of a class

of memoryless channels. A generalized

capacity is defined and is shown to be the

supremum of attainable transmission rates

when the coding and decoding procedure must

be satisfactory for every channel in the class.

(See also AD 239 992).
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• A PARADOX CONCERNING RATE OF

INFORMATION: CORRECTIONS AND

ADDITIONS

I. J. Good, et al., Information Control, vol. 2,

no. 2, Feb. 1959, p. 195/197.

AN ADDITION TO SHANNON'S LAW (In Swedish)

S. Janson, Tele, no. 3, 1959, 146 p.

In Shannon's expression for the maximum

information capacity of a transmission channel

with optimum coding the echo power must be

regarded as noise giving a term S/(N + eS) for

the signal to noise ratio to be used•

THE INFORMATION CAPACITY OF SYM-

METRICAL LINKS WITH VARIABLE

PARAMETERS FOR AN UNLIMITED

FREQUENCY BAND

L. M. Fink, vol. 15, no. 7, 1960, p. 33/46•

• . . calculated for a given ratio of signal

power to spectral density of white noise over as

wide a frequency band as is convenient, pro-

vided the methods of coding are limited to dis-

crete symmetrical codes ....

A NOTE ON THE CAPACITY OF A CHANNEL

H. Lars, et al., JPL Technical Release no. 34-

123, Sept. 23, 1960, AD 244 199.

Stability considerations under change of
time scale.

THE INFORMATION CAPACITY OF CHANNELS

WITH GENERAL AND SELECTIVE FADING

I. A. Obseevich, et al., Radio Engng: Transl.

of Radiotekhnika, vol. 15, no. 12, 1960,
p. 1/10, 14 refs.

Approximate methods arc given for calculating

the information capacity of multi-path radio

channels with strong (Rayleigh) and weak (Gauss)

general fading. They are also applicable to

selective fading. The information capacity of a
channel in the present of feedback is calculated•

STUDY OF SYSTEM RELIABILITY ENTROPY

OF A CONTINUOUS CHANNEL

F. M. Reza, Syracuse U. Research Inst., N.Y.,

Final rept. Jan. 1960, 36 p. incl., illus.

14refs.,(Rept. no. EE507-6001F),
AD 237 512.

• • • Topological considerations were used

to study the error in systems due to the error

in their components values . . . The second

part of the report presented the basic concepts

of Information Theory for finite memoryless

schemes . . . The third part, was concerned

with some properties of reliability functions•
The fourt part discusses in detail Shannon's

mathematical model of a simple continuous

channel operating under additive noise• See

also AD 160 799, AD 266 373.
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SOME QUANTUM EFFECTS IN INFORMATION
CHANNELS

T. E. Stern, IRE Trans. Inform. Th., vol.

IT6, no. 4, Sept. 1960, p. 435/440.

CODED, DIVERSIFIED, RAYLEIGH-FADED
BINARY SYMMETRIC THRESHOLD

CHANNELS

Research Lab. of Electronics, MIT, Cam-

bridge, 4 Dec. 1960, 32 p. (Tech, rept.

384), AD 264 722.

The expressions for the probabilities associ-

ated with a Rayleigh-faded channel with null-

zone detecting and diversity used are derived

• . . Quantitative results are presented for

various word lengths and transmission rates

• . . A few hypothetical tropospheric scatter

links are set up to investigate the practicality
of the combination.

LECTURES ON COMMUNICATION SYSTEM

THEORY

E. J. Baghdady (editor), New York, McGraw-

Hill Book Co., Inc., 1961.

• . . apparent void between the engineer and

the theorist in communication work ....

A refreshing example of . . . combining...

theory, and engineering may be found in a

recent publication by Kotel'nikov .... It

would be pleasant to report that the book being

reviewed continues the good work of Kotel'nikov

in bringing theory and practice more closely

together. Such is not the case . . . The book

is essentially a collection of papers resulting

from the MIT summer program (1959) on

"Reliability Long-Range Radio Communication. "

The 18 authors are recognized authorities in

their respective specialities, and the reader can

appreciate the effort required to edit the con-

tributed material into the 23 chapters which

make up the book .... Book review by John

P. Costas, in IRE Trans., vol. IT-7, no. 4,

Oct. 1961, p. 284-285.

(No Title}
Sze-Hou Chang, et al., Electronics Research

Lab., Northeastern U., Boston, Mass.,

31 May 1961, 126 p., Final rept.,
AD 264 765.

The basic factors in multipath . . . some

existing systems of reducing these defects, are

examined together with conjectures on possible

modifications of these systems to improve

bandwidth-time utilization . . . two special
classes of 2-3 channels, the complete erasure

channel, . . . fractional erasure channel, are

presented . . . A slope method for 3-3 and 2-3

channels is also discussed ....

CAPACITY OF 2-3 AND 3-3 CHANNELS

Sze-Hou Chang, et al., IRE Intern. Cony. Rec.,
vol. 4, March 1961, p. 106/125.
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SOME REMARKS ON THE CAPACITY OF

COMPOUND CHANNELS IN THE SEMI-

CONTINUOUS CASE

H. Kesten, Information Control, vol. 4, nos. 2/3,

Sept. 1961, p. 169/184.

• . . standard terminology . . . as it can be

found in Feinstein (1958) or Wolfowitz (1961)

• . . a sender can transmit n symbols over a

(noisy) channels .... The symbols received

by the receiver belong to an output alphabet

which may depend on s but which (by definition

of the term semicontinuous) may be infinite.

THREE PROOFS FOR TIlE FUNDAMENTAI,

THEOREM OF INFOItMATION TtIEORY:

DISCRETE MEMORYLESS CHANNELS

F. M. Reza, Syracuse U. Research Inst.,

N.Y., June 1961, 54 p. (Scientific rept. 3,

Rept. EE 747-6109SR3), AD 262 848.

• . . Subsequent to some preliminary prepar-

ations, describing the decision scheme and

average error probability, three proofs of the

basic theorem are presented: Feinstein's Proof,
Shannon's Proof and Wolfowitz's Proof. A dis-

cussion of the bounds of error probability and

their relations to the word length and the con-
verse of the fundamental theorem is included.

THE CHANNEL CAPACITY OF ONE- AND

TWO-PATH COMMUNICATION CIIANNELS

WITIt POLARIZATION (In Russian)

L. Ix_ai-Tsyuan', Radiotekhnika i Elektronika,

vol. 6, no. 2, Feb. 1961, p. 200/203.

The channel capacity of the received signal is
calculated for a uniform distribution of the angle

between the electric field and a horizontal vi-

brator, with additive Gaussian noise. Particular

cases given are for small signal to noise power

ratios and for a high signal to noise power
ratio ....

ON "SOME QUANTUM EFFECTS IN INFOR-

MATION CHANNEL_" (Correspondence)

D.A. Bell, IRE Trans. Inform. Th., vol. IT-8,

no. 1, Jan. 1962, p. 57/58.

TIlE EFFECT OF STATISTICALLY DEPENDENT

INTERFERENCE UPON CHANNEL CAPACITY

N. M. Blachman, IRE Trans. Inform. Th., (In-

tern. Syrup. Brussels 1962), vol. IT-8, no. 5,
Sept. 1962, p. 53/57, 10 refs.

Bounds are derived and plotted for the capac-

ity of a band-limited communication channel that

accepts si_,mals of specified average power as

input, adding to them white gaussian noise and

interference of specified average power which

may depend on the siglml being sent and on all

of the other signals in the code book.
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ON THE CAPACITY OF A BAND-LIMITED

CHANNEL PERTURBED BY STATIS-

TICALLY DEPENDENT INTERFERENCE

N. M. Blachman, IRE Trans. Inform. Th.,

vol. IT-8, no. 1, Jan. 1962, p. 48/55•

THE HATE OF INFORMATION TRANS-

MISSION THROUGH SYMMETRIC

CHANNELS

L. F. Borodin, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 10 Sept. 1962, 27 p.

incl. illus. 9 refs. (Trans. no. FTD-TT-

62-878 from Sto Let so Dnya Rozhdeniya

A. S. Popova, Yubileynaya Sessiya,
Izdatel'stvo Akademii Nauk SSSR, p. 57/73,

1960, AD 286 603.

• . . A graphical method is given for deter-

mining the optimum value of the probability of

symbol erasure (in the sense of the maximum

traffic capacity of a channel) .... It is shown

that the optimum code of an erase channel in

the presence of a sufficiently large number of

symbols in a code combination allows informa-
tion to be transmitted through an erase channel

with a previously assigned uncertainty and rate,
close to the traffic capacity of the channel A

method is indicated for setting up codes which

have properties close to those of the optimum

code of an erase channel, and also codes in

which all combinations differ from one another

exactly by d = a to the m-1 positions.

PARTIAL ORDERING OF DISCRETE

CttANNELS

T. T. Chang, et al., IRE Intern. Cony. Rec. Pt.

4, vol. 10, March 1962, p. 190/199.

APPROXIMATE CALCULATION OF THE

TRAFFIC CAPACITY OF RADIO CHAN-

NELS HAVING RANDOM PARAMETERS

R. L. Dobrushin, et al., Foreign Tech. Div.,

Air Force Systems Command, Wright-
Patterson Air Force Base, Ohio. 26 Sept.

1962, 9 p. 10 refs. (Trans. no. FTD-TT-

62-1016 from Trudy Vsesoyuznogo Sovesh-

chaniy po Teorii Veroyatnostey i Matemati-

eheskoy Satistike, Izdatel'stvo AN Armyans-

koy SSR, Yerevan, p• 164/171, 1960),
AD 288 528.

UPPER BOUND TO THE CAPACITY OF A

LINEAR TIME-VARYING CHANNEL WITH

ADDITIVE GAUSSIAN NOISE

G. D. Forney, Jr., Lincoln Lab., Mass. Inst.

of Tech., Lexington. 26 Sept. 1962, 15 p.

incl. illus.,10 refs. (Rept. no. 34G-10),
AD 287 453.

• . . evaluation of the upper bound to the ca-

pacity of a linear time-varying channel obtained

by finding the capacity of the same channel when
its behavior at all times is known a priori• Nu-

merical evaluation turns out to depend on the dis-

tribution of the eigenvalues of a random infinite-

dimensional matrix, which is apprently an

unsolved mathematical problem ....



QUANTUM EFFECTS IN COMMUNICATIONS

SYSTEMS

J• P• Gordon, Proc• IRE, vol. 50, no• 9,

Sept. 1962, p. 1898/1908.

• . . information capacity of various communi-

cations systems is considered .... The entropy

of an electromagnetic wave having the quantum

statistical properties of white-noise in a single

transmission mode is found . . .

INFORMATION CAPACITY OF TIME-

CONTINUOUS CHANNELS

R. Y. Huang, et al., IRE Trans. Inform. Th.,

(Intern• Symp. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. 191/198.

• . . In the case where the channel intro-

duces additive independent Gaussian noise of

known correlation function, the capacity is

evaluated subject to the constraint that the

signal process have a given correlation

function .... The channel capacity is shown

to be directly related to results in the theory

of optimum filtering over a finite time interval•

CHANNELS WITH ARBITRARILY VARYING

CHANNEL PROBABILITY FUNCTIONS

J. Kiefer, et al., Information Control, vol.

5, no. 1, March 1962, p. 44/54.

SIGNAL SPACE, MODULATION, AND

BANDWIDTH

J. M. Kirshner, Conf. Proc. Natl. Cony.

Mil. Electronics, vol. 6, June 1962,

p. 149/153.

1. The concept of signal space . . . 2.

Orthogonality of Functions . . . 3. Modulation,

Demodulation, and the Sampling Theorem . . .

4. The Sampling Theorem and Separation of

Channels . . . 5. Noise and Channel Capacity

• . . 8. Orthogonality of Gaussian Noise

Signals ....

INFORMATION TRANSMISSION RATE AT

VERY LOW SIGNAL AND NOISE POWER

P. Leliak, et al., IRE Trans. Commun.

Systems, vol. CS-10, no. 4, Dec. 1962,

p. 407/415.

• . . calculations are made using the

assumption that the signal energy received is

a Poisson-distributed random variable ....

for communication from earth to a very deep

space . . . near-space (earth satellite) relay

• . • transmission from the relay to outer

space ....

PROBABILISTIC NETWORK STUDY- SYSTEM

R E LIABI LI TY

F. M. Reza, Syracuse U. Research Inst.,

N. Y., Final rept., Aug• 1962, 43 p. incl.
illus., refs., Rept. no. EE 747-6208FR,

AD 296 975.
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• . . presents a note on a new sampling

theorem using Bernstein's orthogonal poly-

nomials . . . contains a new relation between

positive real functions of Circuit Theory and

the h(p) functions of Reliability Theory. Part

IV contains merely the formulation of a new

problem concerning "nearly normal channels"

and the evaluation of their information

transmission•

COMMUNICATION IN RANDOM OR UNKNOWN
CHANNELS

C. K. Rushforth, Stanford Electronics Lab.,

Stanford U., Calif., July 1962, 62 p. incl.

illus., 19 refs., Rept. no. SEL-62-086,

Technical rept. no. 2004-6, AD 283 083.

• . . problem of communicating in the

presence of random or unknown multiplicative

disturbances. • . signal selection.., design
and evaluation of the associated receiver ....

Evaluation of the error probability for the trans-

mitted-reference system for various situations

indicates that, for a fixed signal-to-noise ratio,
the error probability increases as the time-

bandwidth product increases•

THE THRESHOLD EFFECT IN MODULATION

SYSTEMS THAT EXPAND BANDWIDTH

D. Slepian, IRE Trans. Inform. Th., (Intern.
Symp. Brussels 1962), vol. IT-8, no. 5,

Sept. 1962, p. 122/127.

• . . presents curves which are believed to

represent the best thresholds obtainable with

practical modulators that expand bandwidth

and operate instantaneously on the baseband
signal. The model from which the curves are

obtained is described in detail.

COMMUNICATION AND INFORMATION THEORY
ASPECTS OF THE NERVOUS SYSTEM

E. Agilides, General Dynamics/Electronics,

Rochester, N.Y., Annual summary rept.,

1 Oct. 1962-30 Sept. 1963, 30 Sept. 1963,

57 p., AD 437 348.

• . . Multicoding-Unichannel and Multicoding-

Multichannel Coding Theories of the Nervous

System; Piezo-electric Mechanical Transducer

System and Terminology Used in Shannon's

Theore m•

CAPACITY AND ERROR BOUNDS FOR A

TIME-CONTINUOUS GAUSSIAN CHANNEL

R. B. Ash, Information Control, vol. 6, no. 1,
March 1963, p. 14/27•

A model proposed by Fortet for a time-con-

tinuous Gaussian channel is analyzed. The model

differs from that of Shannon in that a different

constraint is imposed on the allowable input sig-

nals, and in addition the transmission of a code

word in a given time interval is not assumed to

interfere with the transmission of a word in any
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other interval .... It is shown that the probability

of error of an optimal code approaches zero

exponentially with the time duration of the code

words, provided the transmission rate is below

channel capacity ....

PHRASE STRUCTURE LANGUAGES, FINITE

MACHINES, AND CHANNEL CAPACITY

R. B. Banerji, Information Control, vol. 6,

no. 2, June 1963, p. 153/162.

The concept of channel capacity is applicable

and useful in the study of languages with structures

more general than those generated by the finite

state channels discussed in Information Theory.

A technique has been developed in this paper

whereby the channel capacity of a class of phrase

structure languages can be calculated ....

CHARACTERIZATION OF RANDOMLY TIME-

VARIANT LINEAR CHANNELS

P. A. Bello, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 360/393.

• . . it is demonstrated that time varying

linear channels (or filters) may be characterized

in an interesting symmetrical manner in time

and frequency variables by arranging system

functions [n (time-frequency) dual pairs ....

results are specialized by considering three
classes of channels. These are the wide-sense

stationary (WSS) channel, the uncorrelated

scattering (US) channel, and the widc-sensc

stationary uncorrelated scattering (WSSUS)
channel .... Several new canonical channel

models are derived in this paper, some of
which are dual to those of Kailath ....

ON INFORMATION RATES FOIl FINITE-

STATE CHANNELS

J. J. Birch, Information Control, vol. 6, no.

4, Dec. 1963, p. 372,/380.

This paper presents sufficient conditions for

the direct computation of the entropy for func-

tional (nonMarkovian) processes and thus also
of the rate of information for finite-state

channels ....

ON TIlE COMPARISON OF COMMUNICATION

CtIANNE LS (Correspondence)

T. T. Chang, et al., IEEE Trans. Inform. Th.,
vol. IT-10, no. 1, Jan. 1964, p. 97/98.

• . . Among the criteria for comparison of

performance, the expected loss and the average

rate of transfer of information are frequently

considered. In a previous paper, we have
shown that for these criteria and certain

channels one can unequivocally state that one

channel is superior to the other, while for

other pairs of than,lois one cannot make such

a statement. Therefore, these criteria lead

to partial ordcrings ....
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INFORMATION CAPACITY OF FADING

CHANNELS UNDER CONDITIONS OF

INTENSE INTERFERENCE

J. P. Costas, Proc. IEEE, vol. 51, no. 3,

March 1963, p. 451/461•

• . . such systems must receive and process
two distinct types of information. The first, and

quite obvious, type of information concerns the

intelligence signal which is provided as an out-

put from the receiving terminal of the system.

The second, and much less obvious, type of

information concerns medium variations ....

This paper is concerned with the limiting ease

of very small channel SNR's that are below the

level required for analysis of the medium at the

receiver ....

AN INFORMATION-TftEORETICAL MODEL

APPLIED TO COMPUTER PROGRAMS

W. R. Cowe]l, Argonne National Lab., Ill.,

Applied Mathematics Div., June 1963, 20 p.,

5 refs., AN L-6722, N63-21206.

• . . to describe the match between a mes-

sage and a communication channel. Also the

model is interpreted so as to describe the

match between a particular computation and a

given instruction repertoire for a computer

• . . a series of measurements which were

made with IBM 704 programs are described.

IMPROVED COMPUTATIONAL BOUND FOR

TIlE BINARY ERASURE CIIANNEL

(Correspondence)

M. A. Epstein, IEEE Trans. Inform. Th., vol.,

IT-9, no. 1, Jan. 1963, p. 5i.

OSNOVNYE TEOREMY KONSTRUKTIVNOI

TEORII OPTIMAL'NOGO KODIROVANIIA

DLIA [)ISKRETNOGO KANAI_ S

SHUMAMI (Basic Theorems in the Thcory of

Optimum Coding for a Discrete Channel in the

Presence of Noise) (In Russian)

B. S. Fleishman, Radiotekhnika i Elektronika,

vol. 8, Aug. 1963, p. 1291/1300, 18 refs.,
A63-25285.

• . . transmission over . . . channel with

the zero memory . . . Construction of an

optimum code according to Shannon is described.

It is shown that, with the growing length of coding

words, the probability of obtaining such a code,

by a proposed random procedure, approaches

unity faster than the probability of correct

decoding.

EIN ISOMORPIIISMUS ZWISCItEN I)ER
..

NICIITBINAREN LERNMATRIX UNI)

SIL\NNONS KONTINUIEIILICIIEM KANAL

(An Isomophism between the Non-Binary

Ix_arning Matrix and Shannon's Continuous

Channel) (In German)
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The non-binary learning matrix is an electrical

circuit configuration of matrix structure which

can store and recognize vectors (even after

multiplication with an arbitrary positive scalar

quantity)• This matrix can be used, apart from

technical applications, as a model for percep-

tion processes, in particular for the recognition

of gestalts ....

MAXIMUM-LIKELIHOOD DETECTION IN A

BINARY CHANNEL WITH MEMORY

R. A• Gonsalves, et al., Northeastern U.,

Boston, Mass., July 1963, 42p., refs•,

AFCRL-63-313; AD 425 602, N64-12610.

• . . for binary signals transmitted sequen-

tially over a channel with memory . . . The

channel memory is assumed short enough so

that there is intersymbol interference between

adjacent symbols only . . . With the aid of a

simplifying assumption, upper and lower bounds

of the per symbol error probability are derived.

These bounds check reasonably well with the

results of a digital "Monte Carlo" experiment.

QUANTUM ELECTRONICS AND
COMMUNICATION

J. P• Gordon, Md. U. Proc. of the Space

Communications Inst., Md. U., College

Park, June 23-28, 1963, p. 65/72, refs.,
N64-17199•

Entropy... Information... quantum-

mechanical limitations on measuring processes

• . . These ideas are applied to a basic com-

munication system that consists of a trans-

mitter, a transmission medium, and a receiver.

INFORMATION CAPACITY AND QUANTUM

EFFECTS IN PROPAGATION CIRCUITS

T. Hagfors, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 24 Jan. 1964, 4i p.,

TR341, ESD TDR 64 23, AD 436 639.

• . . to establish an upper bound on the infor-

mation capacity of an electromagnetic wave

propagation circuit between two apertures when

quantum effects come into play .... evalu-

ating the channel capacity under average and

peak power constraints. Due to mathematical

difficulties we are only able to establish the

channel capacity explicitly when the radiative

losses become extreme ....

INFORMATION TRANSMISSION WITH TIME-

CONTINUOUS RANDOM PROCESSES

R. Y. Huang, et al., IEEE Trans. Inform. Th.,

vol. IT-9, no. 2, April 1963, p. 84/94,
21 refs.

• . . Shannon's definition for the information

content of a Gaussian, time-continuous process

in Gaussian noise is extended to the case where

the observation interval is finite, and where the

processes may be nonstationary, in a straight-

forward way .... Limiting relations are
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derived, to show that this reduces to previously
established results in some cases, and to

enable one to obtain rule-of-thumb estimates
in others ....

LOSS IN INFORMATION TRANSMISSION

THROUGH TWO-WAY CttANNELS

F. Jelinek, Information and Control, vol. 6,

Dec. 1963, p. 337/371, A64-12159.

Analysis of a transducer-channel combination

as a derived two-way channel whose inputs are

the strategy functions and whose outputs are the

outputs of the underlying channel. Expressions

for the information transmission rate through
the two directions of the derived channel are

developed and are compared to the expressions

for the average information about outputs of

the equivalent signal sources, transmitted

through the underlying two-way channel . . .

CODING FOR AND DECOMPOSITION OF TWO-
WAY CItANNELS

F. Jelinek, IEEE Trans. Inform. Th., vol.

IT-10, no• 1, Jan. 1963, p. 5/17.

The present topic was first considered by

Shannon. For the most part, he treated the

discrete memoryless ease, although one of his

coding theorems applies also to discrete channels

with finite memory. In this paper we shall re-

strict our attention to the discrete, memoryless
two-way channel . . . Under certain natural

restrictions, the binary two-way channel can be
canonically decomposed into an interconnection

of pairs of oppositely oriented memoryless one-

way channels connected in cascade to special

channels that are noiseless whenever the signal

transmitted in the opposite direction is an

appropriate one. Three distinct categories are

defined into which the totality of all binary
channels can be partitioned ....

A NOTE ON A CERTAIN TIIEOREM STATED

BY t,:ULLBACI,: (Correspondence)

A. K. Joshi, IEEE Trans. Inform. Th., vol.

IT-10, no. 1, Jan. 1964, p. 93/94.

In this communication we will introduce a

capacity-like quantity using the symmetric

divergence and then prove a simple relation-

ship between this quantity and the capacity, C,

of a channel. Using this relation we will show

that Theorem 5.6 stated by Kullback follows at

once as a special case ....

A THEORY OF QUANTUM COMMUNICATIONS

J. B. O'Neal, Florida U., Engineering and In-

dustrial Experiment Station, Gainesville, 5

Dec. 1963, 66p., Rept. no. SR2, N64-15808,
AD 429 721.

A model for a bandlimited quantum communi-

cations channel and the channel capacity of such

a channel in the absence of external and thermal

noise are investigated .... The mere fact of
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quantization itself, i.e., that a quantized signal

is restricted 1:oa finite number of states which

it can assume, limits the ability of the sigmal

to contain information. The other factor which

degrades the performance of a channel is that

every bandlimited signal contains an irreducible

uncertainty which is due to the uncertainty

principle. This report represents an attempt

to construct a reasonable model which takes

these two factors into consideration.

MAXIMUM LIKELIHOOD ESTIMATION IN

FINITE STATIONARY ERGODIC MARKOV

CHAINS a.ND A STRONG CONVERSE TO

THE CODING THEOREM FOR CONTINUOUS

MEMORYLESS CHANNELS

U.V.R. Rao, Michigan U., Ann Arbor, 1963,

70 p•, refs., N64-17164.

NOTE ON "VERY NOISY" CHANNELS

B. Refifen, Lincoln Lab., Mass. Inst. of Tech.,

Lexington, June 1963, 5 p., AD 416 195.

a 'very noisy' channel is defined. This

definition corresponds to many physical channels

operating at low signal-to-noise ratio .... the

computation cutoff rate for sequential decoding,

R (comp), is shown to be one-half the capability,

C . o •

A NOTE ON TIIE CAPACITY OF DISCRETE

NOISELESS CHANNELS

F. M. Reza, Eidgenossische Technische

Hochsehule, Institut fur Fernmeldetechnik,

Zurich, Switzerland, Zeitschrift fur Angewandte

Mathematik und Physik, vol. 14, March 25,

1963, p. 175/178, A63-17890.

Presentation of a mathematical proof for a

statement by Shannon concerning the channel

capacity of a class of simple memoryless

channels.

QUANTUM EFFECTS AND NOISE IN OPTICAL

COMMUNICATIONS (Correspondence)

M. Ross, Proc. IEEE, vol. 51, no• 4, April

1963, p. 602/603.

In reference to Gordon's paper on quantum

effects in communications, it appears he did not

discuss the case for channel capacity when the

black-body background noise N is very much

less than hfB, the quantum noise . . .

TRANSMITTED-REFERENCE TECHNIQUES

FOR RANDOM OR UNKNOWN CHANNELS

C. K. Rushforth, IEEE Trans. Inform. Th.,

vol. IT-10, no• 1, Jan. 1963, p. 39/42.

to have the same response to both message and

reference components, while the additive noises

associated with these components are assumed

to be independent. The channel outputs and the

additive noises are further assumed to be

Gaussian ....

BOUNDS ON COMMUNICATION

D. Slepian, Bell Syst. Tech. Journal, vol. 42,

no. 3, May 1963, p. 681/707.

Six parameters of importance in many com-

munication systems are: (a) the rate at which

digital information is transmitted; Co) the band-

width of the system; (c) the signal power of the

transmitted signlals; (d) the noise power of dis-

turbances in transmission; (e) the error

probability in digits recovered at the receiver

output; (f)the length of time that the trans-

mitter and receiver can store their inputs . . .

A NOTE ON THE WORD ERROR PROBABILITY

ASSOCIATED WITH A SEQUENCE OF DIGITS

HAVING UNEQUAL ERROR PROBABILITIES

(Correspondence)

F. G. Splitt, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 4, Dec• 1963, p. 492/493.

• • . in cases where the interference is non-

stationary or where a quantized frequency

modulation (QFM) transmission is perturbed by

colored noise, the digit error probabilities will

be unequal. These unequal digit error probabil-

ities lead to cumbersome expressions for the

probability distribution function for the number

of ones in the error sequence and the word error

probability. It is to the simplification of these

problems that this note is addressed ....

OPTIMUM POWER DIVISION IN COHERENT

COMMUNICATION SYSTEMS

H. L. Van Trees, Lincoln Lab., Mass. Inst. of

Tech., Lexington, Feb. 19, 1963, 51p., 9

refs., N63-23350.

• . . optimum way to divide the available

energy between the channel measurement and in-

formation transfer functions. Specifically con-

sidered is a binary symmetric, phase-modulation
system operating over a channel which imparts a

random phase modulation to the sigaml and adds

Gaussian noise . . . Under a wide variety of

conditions, the best strategy is to devote all the

available power to modulation, and to obtain the

synchronizing information by performing some

operation on the incoming signal which removes
its dependence on the data.

• . . A particular set of signals is chosen,
each member of which is partitioned into a known

reference or sounding signal and a message

signal. The channel is assumed to be linear, and

is divided into a multiplicative and an additive

portion. The multiplicative portion is assumed

Tlll,] ASYMPTOTIC BEItAVIOR OF LINEAR

I)ECOI)ING FOR TIIE BINARY SYMMETRIC

CIIANNF L (Correspondence)

T. J. Wagner, IEEE Trans. Inform. Th., vol.

IT-9, no. 1, Jan. 1963, p. 47/48.

36
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Oneasksif inthebinarysymmetricchannel
it ispossibletohaveasequenceofcodeswith
lineardecoderssuchthat1)themaximumprob-
abilityoferrortendstozerowithblocklength
and2)thecoderatesconvergetoapositiverate
lessthanchannelcapacity.Theanswer,
unfortunately,is no....

ONCHANNELS-WITHOUTA CAPACITY
J. Wolfowitz,InformationControl,vol.6,no.1,

March1963,p. 49/54.

CAPACITYOFTWOCLASSESOFINFORMA-
TIONCHANNELSWITHRANDOMLY
VARYINGPARAMETERS

N. A. Zheleznov, Telecommunications and Radio

Engineering. Part I - Telecommunications,

Translation, Oct. 1962, p. 1/7, A63-16480.

• . . a random change in parameters is

interpreted as the appearance of additive noise,
either correlated or not correlated with the

signals ....

CODING AND DECODING FOR TIME-DISCRETE

AMPLITUDE-CONTINUOUS MEMORYLESS
CHANNELS

J. Ziv, Massachusetts Inst. of Tech., Cambridge,

Research Lab. of Electronics, 31 Jan. 1963,

108 p., refs., RLE-TR-399, AD 299 016,
N64-183C5.

A scheme for constructing a discrete signal

space, for which sequential encoding-decoding

methods are possible for the general continuous

memoryless channel, is described. Random

code selection is considered from a finite

ensemble. The engineering advantage is that

each code word is sequentially generated from a

small number of basic waveforms . . . The

application of sequential decoding to the con-

tinuous asymmetric channel is discussed• A

new decoding scheme for convolutional codes,

called successive decoding scheme for convolu-

tional codes, called successive decoding, is
introduced . . .

Related Publications:

ON COMMUNICATION PROCESSES INVOLVING

LEARNING AND RANDOM DURATION

R. Bellman, et al., Rand Corp., Santa Monica,

Calif., 23 Jan. 1958, rept. P-1194,
AD 244 750.

• . . problems within the framework of multi-

stage processes of stochastic type, and as such

may be treated by the theory of dynamic program-

ming. The relations between utility and capacity,
in Shannon's sense, are indicated. The problem

of how to treat communication problems involving

the use of a channel whose statistical properties

are not completely known, and those involving

processes of random duration is discussed ....

37

ON CODED PHASE-COHERENT COMMUNI-

CATIONS

A. J. Viterbi, IRE Trans. Space Electronics

Telemetry, vol. SET-7, no. 1, March

1961, p. 3/14.

• . . this paper considers the result of en-

coding independent equiprobable binary words

or sequences of independent binary digits into

sets of binary code words• These are trans-

mitted over a channel perturbed by additive

white Gaussian noise and detected by corre-

lating them with their stored or locally gener-

ated replicas at the receiver . . . It is shown

that in the limit as the code word length and the

bandwidth approach infinity, the received infor-

mation rate approaches the channel capacity

for only one value of the above ratio•

SIGNAL POWER IMPROVEMENT THROUGH

CODING AND DIVERSITY

J. Mott-Smith, et al., Air Force Cambridge

Research Labs., Bedford, Mass., June 1962,

37 p. incl. illus., tables, 6 refs., Rept. no.

AFCRL 62-383, AD 283 349.

• . . calculated as a function of bandwidth,

capacity, and reliability for gaussian noise and

independent Rayleigh fading on a binary symmetric

channel.

ERROR CODING BOUNDS FOR THE BINARY

ASYMMETRIC CHANNEL (Correspondence)

T. H. Gordon, IEEE Trans. Inform. Th., vol.

IT-9, no. 3, July 1963, p. 206/208.

• . . results of an effort to find a quantitative

estimate of the loss in reliability if group or

linear codes are used on the binary asymmetric

channel . . . instead of optimum codes . . .

CERTAIN ASPECTS OF THE PERFORMANCE

OF MEMORYLESS NONLINEAR SYSTEMS

J. C. Munson, Naval Ordnance Lab•, White Oak,

Md., Doctoral Thesis, 28 Nov. 1962,

Rept. no. NOL-TR-62-201, AD 299 428.

DESCRIPTORS: signal-to-noise ratio, Digital

systems, sampling ....

CORRELATION PROPERTIES OF CYCLIC

SEQUENCES

R. C. Titsworth, Jet Propulsion Lab., Calif.

Inst. of Tech., Pasadena, July i, 1963, 88 p.,

76 refs., NASA CR-51586; JPL-TR-32-388,

N63-23043.

• . . In the unconstrained channel with additive

Gaussian noise, where the optimum detector is

based on correlation or matched filters, the

quality of a code can be expressed as a function of

the correlation values between code words. Meth-

ods are presented for determining cyclic sequences

with given correlation properties. When the amount

of equipment in the receiver is limited, matched

filtering is no longer the optimal detection scheme•

A better system is one which by the use of Boolean

Function, combines several "component" se-

quences to generate the transmitted signal; the

receiver consists of filters matched to each com-

ponent . • .
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Section i.14

Signal Theory

Circuit theory has a history of more than 50 years, but it is nearly exclusively based on the response of

circuits to d. c., sinusoidal a.c. waveforms and to a few ideal transient waveforms. It is only in relatively

recent time that efforts have been under way to investigate the properties of more complex signals and their

interaction with all kinds of circuits. This section contains a representative selection of references to results

of this young sig_lal theory. In addition to these more general references the reader will find many special

results of sig]ml theory spread over many subdivisions of this volume. The cross references should establish

an adequate interconnection.

There is some justification in dividing signal theory into the six subdivisions 1. 141 to 1. 146 below. However,

the reader is invited to check always more than one of them, as most publications overlap the interfaces

between these subdivisions.

1. 140: General Publications in Sigmal Theory

Included: Books; Surveys, Collections of reports; Statements by leading scientists in the art.

Not Included: Circuit theory; Transient behavior of circuits; Signal theory of control systems;

Sig]lal theory of radar systems.

Cross References: Transient behavior of communications channels (1. 622); Signal theory for digital

communications systems (1. 311).

Principal Publications:

A THEORY OF SIGNALS

R. E. Wernikoff, Mass. Inst. of Tech., Tcch.

Rept. #331, no. 331, Jan. 1958, p. 1/98.

UBER GRUNDLAGEN DER TtlEORIE

ELEKTRISCIII'R SIGNALE (On fundamentals

of the Theory of Electrical Signals)

F. tt. Lange, IIochfrequenztech. U. Elekt. Almst.,

vol. 68, May 1959, p. 25/35.

REPRESENTATION AND ANALYSIS OF

SIGNALS PART XII. THE DESIGN OF

PURE SYSTEMS.

W. tt. tIuggins, Johns Hopkins U., Baltimore,

Md., Oct. 1962, 159 p., AD 411 40i.

• . . devoted to a coordinate-free formula-

tion using Dirac's notation as ex_cnded by Lai

and Ross, of some of the central concepts of

linear-system theory. The notation provides a

clear distintion between sig]mls (i.e., obscrvables)

and patterns (i.e., measfirement processes) and

the numerical representatives which describe

these signals or patterns ....

EINFUIIRUNG IN DIE TIlEORETISCIIE

E LE KTROTE CIINIK (Introduction to Theo-

retical Electrotechnique; 7th edition) (In

German)

K. Kupfmullcr, Berlin, Springer-Verlag, 1962,

512 p.

REI)I(ESENTATION AND ANALYSIS OF SIG-

NALS PART XVII. REPRINTS ON SIGNAL

TIIEORY

Johns Hopkins U., School of Engineering, Balti-

more, Md., Final rept. 30 Nov. 1963,

AD 431 162.

• . . reprints of a group of published papers

reporting some of the main accomplishments

under the program .... four appendices . . .

(I) . . . names of those who have contributed to

this program: (II) abstracts of all technical re-

ports . . .(III) list all relevant papers . . . (IV)
summarize lectures and talks.

1.141: Signal Space

IncIuded.__ A Uncertainty principle; tlilbcrt space; Woodward's uncertainty function; Time frequency
duality.

Cross References: Bandwidth-time product of digital wavcforms (1. 311); Special sig_mls with large
WT product (1. 920); IIilbcrt transform (1. 1.t3).

Prineii)al Publications:

A N()TE ON AN INF()IIMATI()N TIIE'()I_I'2TIC

FOIIM OF Till': UNCERTAINTY I)IIlNCII'I,E

1l. Bourret, Information Control, vol. I, 195s,

p. 39_/4ol.

38

STUI)IES OF WOODWARD's UNCERTAINTY

FUNCTION

W. M. Sicbert, Mass. Inst. Tech. Quart.

Prog. Rept., April 1958, p. 90/94.
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• UBER GEWISSE ASYMPTOTISCHE BEZIE

ItUNGEN ZWISCHEN FREQUENZ UND

ZEITFUNKTIONEN (On Certain Asymptotical

Relations between Frequency- and Time-

Functions)

H. Dobesch, Nachrichtentech., vol. 9, Jan.

1959, p. 13/18.

ON TIIE UNCERTAINTY RELATION FOR

REAL SIGNALS: POSTSCRIPT

I. Kay, et al•, Information Control, vol. 2,
no. 4, Dec. 1959, p. 396/397.

ENTROPY AND THE UNCERTAINTY

PRINCIPLE

R. Leipnik, Information Control, vol. 2, no.

1, April 1959, p. 64/79.

ON A NEW THEORY OF THE LIMITATION

OF THE SIGNAL SPECTRUM (In French. )

J. Oswald, Cables et Transm., vol• 14, no. 4,
Oct• 1960, p. 249/261.

Examines critically the theory of limitation

of the signal spectrum in transmission ....

in particular the impossibility of localising a
signal simultaneously both with respect to dura-

tion and bandwidth . . . The basic idea of the

present work is the substitution of a distributed

function for the continuous functions (linear

network operators) generally used for repre-

senting signals. This results naturally from
the theory of sampling ....

REMARKS ON A HILBERT SPACE OF

ANALYTIC FUNCTIONS

V• Vargmann, Princeton U., N• J•, AFOSR

J813, 21 Dec. 1961, 6 p., AD 412 992.

MEASURE, LEBESGUE INTEGRALS, AND
HILBERT SPACE

A• N. Kolmogorov and S. V. Fomin, New

York, Academic Press, 1961, 147p.

Very clear presentation of the fundamentals

of measure theory. Can be useful in coding

theory, in channel theory, and in many other

applications. Very good presentation of the

abstract Hilbert Space. Will be useful in signal

theory.

TftE INDETERMINACIES OF MEASUREMENTS

USING PULSES OF COIIERENT ELECTRO-
MAGNETIC ENERGY

R. Madden, Proe• Instn. Elect. Engrs. Part

C (London), vol• 108, no. 13, March 1961,
p. 247/251.

• . . for the measurement of velocity and

acceleration of objects . . . further perfection

of equipment and further development of

measuring techniques may not yield an increase

in the quality of measurements because of the

limitation inherent in the pulses themselves ....

39

POINCARE'S THEOREM AND UNCERTAINTY
IN CLASSICAL MECHANICS

L• Brillouin, Information Control, vol• 5, no. 3,
Sept. 1962, p. 223/245.

• . . This theorem was first stated for

celestial mechanics, but it extends immediately

to all problems of classical mechanics, pro-
vided such problems be conservative .... a

great variety of examples have been selected•

• o •

SIGNAL SPACE, MODULATION, AND BAND-
WIDTH

J• M. Kirshner, Conf. Proc. Natl. Conv. Mil.

Electronics, vol. 6, June 1962, p. 149/153.

The concept of signal space allows one to

apply geometric principles to waveforms used

in communication ....

INCOHERENCE, QUANTUM FLUCTUATIONS,
AND NOISE

I. R. Senitzky, Phys. Rev., vol, 128, no. 6,
Dec. 1962, p. 2864/2870.

• . . relationship between the uncertainty

principle and minimum amplifier noise .....

the concept of coherence is discussed, and an

incoherence parameter is defined in terms of the

uncertainty that enters into the uncertainty

principle ....

TIME-FREQUENCY DUALITY

P. Bello, IEEE Trans. Inform. Th•, vol. IT-1O,

no. 1, Jan. 1963, p. 18/33.

• . . applicable to a class of networks called

communication-signal-processing networks•
Such networks consist of an interconnection of

basic elements such as filters, mixers, delay
lines, etc .... benefit to be obtained from

time-frequency duality is the generation of new

ideas for communication signal processing tech-

niques. We illustrate this type of benefit by con-

structing the dual of the Kineplex communication

system ....

RESOLUTION LIMITS OF ANALYZERS AND

OSCILLATORY SYSTEMS

E. L. R. Corliss, National Bureau of Stand-

ards, Washington, D. C., Oct, 1963, 14

p., AD 421 733.

The resolution limits are considered of those

anal3_ers and oscillatory systems whose per-

formanee may be represented by a second-order

differential equation. The "signal uncertainty"

product is shown to be controlled by the ability of

a system to indicate changes in energy content.

The discussion refers the functioning of the sys-
tem to a signal space whose coordinates are

energy, frequency, and time.
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GRANDIENTPROJECTIONIN HILBERTSPACE
A. A. Goldstein,BoeingScientificResearch

Labs.,Seattle,Wash.,June1963,9p.,
Mathematicalnoteno.306,DI820266,
AD412410.

• . . two simple ideas. The first is a natural

generalization of constructive techniques em-

ployed by Kantorovich and Altman for the min-

imization of quadratic functionals defined on a

real Hilbert space H .... sometimes we can

approximate well behaved non-differentiable

functionals by a differentiable functional. This

is the second idea.

Related Publications:

REAL-TIME MEASUREMENT AND CORREC-

TION OF PHASE DISTORTION IN tfIGII-

FIDELITY RADARS

J. DeLorenzo, et al•, IEEE Intern. Cony. Rec.

Pt. 8, vol, 11, March 1963, p• 96/103.

• . . Phase distortion causes variations in the

radar uncertainty function, that, in many cases,

degrade the resolution capability of the system•

This paper briefly describes the characteristics

of the common forms of distortion in practical

systems and deals with the analytical and experi-

mental results of phase measurements using a

multiplier-type phase-error detector. The

relationship of this device to active correlators

and uncertainty function plotters will be described.

A discussion of real-time correction of phase

distortion with experimental results also is

included ....

SIGNAL PROPAGATION IN A POSITIVE

DEFINITE RIEMANNIAN SPACE

C. Lanczos, Physical Review, 2nd Series, vol.

134, April 27, 1964, p. B476-B480, 10 refs.,

A64-17404.

. . . It is shown that a positive definite

Riemannian space of fourfold lattice structure is

well suited to the propagation of signals, if the com-

ponents of the metric tensor assume very large

values along some narrow ridge surfaces. The

resulting signal prol)ag._tion is strictly transla-

tional and has the behavior of a particle which

moves at the speed of light. According to this

theory, tile discrepancy between classical and

quantum l)henomena is caused by the misinterpre-
tation of a Riemannian metric in Minkowskian

terms.

GENERALIZED FREQUENCY-IIESI'ONSE CON-

CEPTS FOR TIME-VARYING, DISCRETE-

TIME LINEAR SYSTEMS

A. W. Naylor, Institute of Science & Teeh.,

Univ. of Miehig,_n, Ann Arbor, Feb. 1963,

30p., Rept. no. 4563 32T., AD 419 788.

. . . shows that many of the frequency-

response concepts associated with time-invariant

system can be meaningfully generalized so that

they can be applied to time-varying discrete-

time linear systems. Among these generalized

concepts are a generalized frequency domain, a
direct transform from the time domain to the

frequency domain to the transformation from the

frequency domain to the time domain, a eoncet)-
tion of bandwidth and gnin-bandwidth product,

and a generalization of Parscval's (Planchercl's)
theorem ....

1.142: Signal Representations

Included: Envelopes and pre-envelopes of real waveforms; Instantaneous frequency; Complementary

signals; Discrete representations of random sigl_als; Representation of band limited signals; Products

of signals; Signal analysis in general; Negative frequencies.

Not Included: Fundamentals of signal conversion (heterodyning).

Cross References: Elementary signals and their theory (1. 311 ) ; Theory of angle modulation (1.231) ;

Orthogonalized exponentials (1.311); Modulated signals (1.2); Signal distortions (1.62); Dirac's delta

function (1. 143); Distortions of random signals in communications chmmels (1. (;24).

Principal Publications:

ENVELOPES AND PRE-ENVELOPES OF REAL

WAVE FORMS

J. Dugundji, IRE Trans. Inform. Th., vol. IT-4,

no. 1, March 195,% p. 53/57.

• . .Rice's formula is very cumbersome . . .
different fornmla . . . easier to handle analytically.

A NOTE CONCERNING INSTANTANEOIIS

FRI.IQU ENCY
D. A. I,indcn, Proc. IRE, vol. 4(;, l)ec. 1958,

p. 1970.

40

OSCILLATORY PHENOMENA ON TItE PASSAGE

OF FREQUENCY TtIROUGII ZERO

M. I. Dorman, Radio Engng: Transl. of Radio-

tekhnika vol. 15, no. 10, 1960, p. 36/43.

A study is made of the features of the formation
and fine structure of "zero beats. " The correct

form of notation for oscillations is established on

the passage of the frequency through zero. The

concept of "frequency" is re-stated more pre-

eisely. The author advocates the generalization

of this notion for negative values, even for oscilla-
tions in the form of real time functions ....
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"SECOND-ORDER PROPERTIES OF THE PRE-

ENVELOPE AND ENVELOPE PROCESSES

(Correspondence)

M. Zakai, IRE Trans. Inform. Th., vol. IT-6,

no. 5, Dee. 1960, p. 556/557.

DISCRETE REPRESENTATIONS OF RANDOM
SIGNALS

K. L. Jordan, Jr., Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge, Doctoral

thesis, 14 July 1961, 87 p. incl. illus., 65

refs., Technical rept. no. 378, AD 274 492.

. . • a conversion is necessary between a

signal of continuous form and a signal of discrete
form ....

ON THE DISCRETE REPRESENTATION OF A
SIGNAL LIMITED IN TIME

V. V. Lebedev, Radio Engng: Transl. of Radio-

tekhnika, vol. 16, no. i, 1961, p. 69/74,
13 refs.

The author discusses an interpolation function

differing from that used by V. A. Kotel'nikov for

the representation of a signal limited in time by
a series of discrete values• He considers the

relationship of the obtained series with the

Kotel'nikov's series, the errors associated

with expansion, and the characteristics of

spectral representation ....

THE ANALYTIC SIGNAL REPRESENTATION OF
MODULATED WAVE FORMS

E. Bedrosian, Proc. IRE, vol. 50, no. i0, Oct.
1962, p. 2071/2076.

• . . a rather general and mathematically
convenient formulation of analog-modulated

signals which makes use of the analytic signal

concept. Known types of modulation are readily

identified as special cases .... a new type of

modulation has been discovered - single side-

band frequency modulation (SSB FM) - which can

be derived from a conventional phase-modulated

signal by an additional amplitude modulation,

using the exponential function of the modulating

signal's Hilbert transform. The resulting modu-

lated signal will have a one-sided spectrum about

the carrier frequency, will be compatible with

existing FM receivers, and will cause a decrease

in signal bandwidth.

SOME FORMULAS INVOLVING PRODUCTS OF

TRIGONOMETRIC FUNCTIONS SPACED

AT REGULAR INTERVALS

M. Blumberg, Lockheed Aircraft Corp.,

Sunnyvale, Calif., Dec. 1962, 106 p., Rept.

no. 6-90-62-125, AD 401 223.

Functions of the complex variable z = x + jy
involving products of trigonometric functions

spaced at regular intervals . . . A compilation

of the important formulas derived in the text

together with examples is given in the appendix.

41

ON COMPLETENESS OF BASIC FUNCTIONS

USED FOR SIGNAL ANALYSIS

P. R. Clement, Princeton U., N.J., 7 May

1962, 3 Dec. 1962, 9 p., AD416 556.

MEAN SQUARE APPROXIMATION OF BAND-
LIMITED SIGNALS

C. Engelman, Mitre Corp., Bedford, Mass.,

June 1962, 21 p., 1 ref., Technical memo.

no. TM-3316, AD 295 565.

• . . By this we mean signals both of finite
energy and whose Fourier transforms vanish

outside some interval.

SIGNAL SELECTION FOR CONTINUOUS
CHANNELS

T. L. Grettenberg, Stanford Electronic Labs.,

Stanford U., Calif., Tech. rept. on communi-

cations, rept. no. 6-90-62-46, In coopera-

tion with Lockheed Aircraft Corp., Sunny-

vale, Calif, July 1962, incl. illus., 19 refs.,
AD 283 996.

A criterion for selecting a finite set of trans-

mitter signals for a continuous communication

channel is proposed .... The signal selection

procedure may be applied without a knowledge of

the priori message statistics and does not

require an evaluation of error probabilities.

Three examples of signal selection are included

to illustrate the procedure•

SUR LA LIMITATION SPECTRALE ET LA

FREQUENCE INSTANTANEE DES SIGNAUX

(On the Spectral Limitation and the In-

stantaneous Frequency of Signals)

J. Oswald, IRE Trans. Inform. Th., Intern.

Symp., Bussels, 1962, vol. IT-8, no. 5,

Sept. 1962, p. 275/282.

REPRESENTATION AND ANALYSIS OF SIG-

NALS. PART iX. "COMPLEMENTARY"

SIGNALS AND ORTHOGONALIZED

EXP ONENTIALS

T. Y. Young, et al., Johns Hopkins U. School of

Engineering, Baltimore, Md., 1 Jan. 1962,
32 p., AD 271 107.

When a signal is approximated by a finite set

of component signals which span a subspace, the

least square approximation may be interpreted

geometrically in signal space as the projection of

the true signal vector upon this finite dimensional

subspace. In case the component signals are one-

sided exponentials, the projection operators may

be realized by simple physical filters following

Krauts' procedure for constructing orthogonalized
exponentials ....

REPRESENTATION AND ANALYSIS OF SIGNALS

PART XII THE DESIGN OF PURE SYSTEMS

W. H. Huggins, Johns Hopkins U., Baltimore,

Md., Oct. 1962, 190 p., 84 refs., Final rept.,
N63-19200.
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Abstracts . . . of the technical reports that

have been published since the inception of the

program in 1956. The main portion of the report

is devoted to a coordinate-free formulation using

Dirae's notion as extended by Lai and Ross, of

some of the central concepts of linear-system

theory ....

SIGNAL SELECTION IN COMMUNICATION AND

RADAR SYSTEMS

T. L. Grettenberg, IEEE Trans. Irfform. Th.,

vol. IT-9, no. 4, Oct. 1963, p. 265/275.

A criterion for selecting a finite set of trans-

mitter signals for a continuous communication

channel is proposed. The "optimum" signal sets

using this criterion are selected to maximize the

minimum divergence between hypothesis pairs

being tested at the receiver ....

TWO-DIMENSIONAL SIGNAL REPRESENTA-

TION USING PROLATE SPIIEROIDAL

FUNCTIONS

D. A. Landgrebe, et al., IEEE Trans. Commun.

Electronics, vol. CE, no. 65, March 1963,

p. 30/40, 13 refs.

. . . Two similar 2-dimensional signal repre-

sentations are defined for use in signal analysis

problems. The proposed procedure divides the

time-frequency plane into rectangles of arbitrary

length and width and assigns a certain portion of

the represented signal to each such rectangle.

Representations are based upon time-limited and

band-limited forms of the angular prolate

spheroidal functions for eoncel)tual and mathc-

matical reasons• Applications and numerical

examples are provided ....

REPRESENTATION AND ANALYSIS OF SIGNAl,S

PART XV MATCIIED EXPONENTS FOR THE

REPRESENTATION OF SIGNALS

R. N. McDonough, John IIopkins U., Baltimore,

Md., 30 April 1963, 174 p., AD 411 431.

Approximation by sums of exponentials is con-

sidered from various points of view, such as the

time-domain approximation problem of network

synthesis .... Prony's method for approximate

determination of the exponents is exhaustively

reviewed in all its forms . . . The procedure is

illustrated for the continuous ease, and exten-

sions to the discrete case are discussed.

NON-UNI FORM LY-WEIGItTE D ORTIIONORMAL

OVER-DAMPED EXPONENTIAL APPROXI-

MATIONS

J• M. Mendel, Douglas Aircraft Co., Inc. ,

Santa Monica, Calif., Missile and Space

Systems Div., 7 Jan. 1964, 101 p. , refs.,
SM-45777, N64-17757.

Till,: I1)ENTIFICATION OF OVI,:IIDAMIq.;I)

I_ROCESSES IN TIlE TIME-I)OMAIN

J. M. Mendel, I)olbCechnicInst. of Brooklyn,
Microwave Research Inst., N.Y., April 1'),

1963, 151 p., 34 refs., PII_MIIl-1131-63,

AI) 407 687, N63-16592.

• . . by means of exponential functions . . •

Particular attention is given to: (1) the choice
of a suitable error criterion . . . (2) the choice

of weighting functions . . . (3) the extension of

the orthonormal exponential approximations of

Kautz and Huggins to approximations of any

asymptotic-order in the s-domain.

SIGNAL ANALYSIS II: ESTIMATION OF THE

AMPLITUDES OF NARROW BAND DETER-

MINISTIC SIGNALS OBSERVED INCO-

HERENTLY IN NORMAL NOISE BACK-

GROUNDS

D. Middleton, Carlyle Barton Lab., Johns

Hopkins U., Baltimore, Md., Feb. 1963,

103 p., Technical rept. no. AF-100,

AD 297 870.

Communications theory, statistical distribu-

tion, statistical functions.

IIARMONIC SYNTHESIS METilOD

V. G. Osipenko, Radio Engxng: Transl. of Radio-

tekhnika, vol. 18, no. 8, Aug. 1963, p. 15/22.
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• . . Methods of representing trigonometric

series in closed form, i.e., methods of harmonic

synthesis, have recently found application in

radio engineering .... In the present paper we

suggest a new approach to these problems, based

on replacing the discrete variable n (the index of

the term of a series) by a continuous variable '7;

under certain conditions this replacement enables

us to pass from a sum to an integral ....

NOTE ON PIIASE-AMPLITUDE RELATIONS

(Correspondence)

E. J. Post, Proe. IEEE, vol. 51, no. 4, April

1963, p. 627.

. . • discusses an extended version of the

phase-amplitude theorem in terms of delay and

slope of gain. The latter quantities are better

suited to a formulation of the causality restric-

tions on dispersive systems ....

CONTRIBUTIONS TO SIGNAL AND NOISE

TIIEORY

D. Slepian, IEEE Trans. Inform. Th., vol. IT-9,

no. 4, Oct. 1963, p. 229/233, 115 refs.

NEGATIVE FREQUENCY

D. G. Tucker, J. Brit. Instn. Radio Engrs.,

vol. 25, no. 4, April 1963, p. 289/290.

ABBREVIATED REPRESENTATION OF SIGNALS

BY MEANS OF SYSTEMS OF ORTHOGONAL

FUNCTIONS

A. M. Zayezdywyy, et al., Radio Engng: Transl.
of Radioteknika, vol. 18, no. 11, Nov. 1963,

p. 3/11.

• . . Abbreviated deseril)tion means the repre-

sentation of assig_qed signals in the form of ex-

pansions in a new system of orthogonal funetions
with a smaller number of terms. A method of ob-

taining a new system of orthogonal funetions that
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provides an abbreviated representation of assigned

signals with least root-mean-square error is

given ....

Related Publications:

SAMPLING OF SIGNALS WITHOUT D.C.

COMPONENTS

R. Billings, Electronic Radio Engr., vol. 36,
Feb. 1959, p. 70/72.

FURTHER COMMENTS ON "A MARKOFF

ENVELOPE PROCESS" (Correspondence)

C. T. Isley, IRE Trans. Inform. Th. vol.

IT-5, Dec° 1959, p. 186/188.

SIGNALS WITH MAXIMUM AND MINIMUM

PROBABILITY OF DETECTION

V. A• KoteI'nikov, Radio Engrg• Electronics,

vol. 4, no• 3, 1959, p. 5/11.

• . • to explain the form of the signal which

ensures a maximum or minimum probability of
correct detection when it is received with an

ideal receiver . . . the derivation of the extreme

values enables us to establish the limits within

which the signal form can affect the probability

of its detection .... represent all signal forms

by the expressions . . . where B i (t) are some

mutually orthogonal functions in the interval
-T/2, +T/2 . . .

SIGNAL DETECTION IN A NOISY WORLD

W. H. Huggins, Rand Corp., Santa Monica,

Calif•, 3 May 1960, 82 p., AD 241 288.

• . • when interfering signals and noise of

unpredictable form and widely varying intensities

are present, linear filtration is no longer ade-

quate. It is then necessary to accept or reject

the signal on the basis of its signature or wave-
shape. This problem is discussed in terms of

the geometrical notions of a signal space . . .

SPECTRAL REPRESENTATION OF RESIDUAL-

SIDE-BAND TRANSMISSION IN VIEW OF

POSSIBLE INTERCONNECTION BETWEEN

SINGLE-AND DOUBLE-SIDEBAND SYSTEMS

(In German)

N. Berger, Nachrichtentech., vol. 11, no• 1,

Jan. 1961, p. 31/35.

The use of filters whose response is dissym-

metrical with respect to the carrier frequency of

an amplitude-modulated wave involves frequency

spectrum which is a complex Fourier transform•

This is discussed and a method suggested where-

by complex frequency spectra can be represented

diagramatically.

A GENERAL METIIOD FOR CONTROLLING TIlE

TIME AND FREQUENCY ENVELOPES OF
FM SIGNALS

43

E. N. Fowle, Lincoln Lab•, MIT, Lexington, 5

June 1961, 13 p., Rept• 41G-0008, AD 258 055.

Research was concerned with finding expres-

sions for the phase characteristics, time and
frequency, when the envelope of a time function

and the modulus of its Fourier transform are

given. The method applies when the product of

the function's time duration and its frequency

extent is large. The technique presented

applies for arbitrary envelope functions, thus

extending the previous technique which required

that one envelope or the other be rectangular.

THE VISUALIZATION OF FREQUENCY-
MODULATION TRANSIENTS BY MEANS OF

MECHANICAL MODELS

M. J. E. Golay, IRE Trans. Circuit Theory,

vol. CT-9, no. 1, March 1962, p. 78/82•

• . • It has long been known that electrical

circuits have equivalent mechanical circuits ....

GENERALIZED RESOLUTION IN RADAR

SYSTEMS

H. Urkowitz, et al., Prec. IRE, vol. 50, no.

10, Oct. 1962, p. 2093/2105•

A generalized theory of radar resolution has

been developed to facilitate understanding of the
fundamental resolution limitations of radar sys-

tems .... concept of an ambiguity function . . .
has been extended to include simultaneous reso-

lution in range, range rate, azimuth and elevation
• . . led to the derivation of a four-dimensional

ambiguity function .... A new concept, "angular
dispersion and compression, " has been evolved . .

• . . The technique of maximum likelihood esti-

mation has been extended to angular measurement.

THE SIFTING PROPERTY OF A COMMON

FUNCTION (Correspondence)

H. Urkowitz, Proc. IRE, vol. 50, no. 12, Dec.

1962, p. 2505.

It is well known that the impulse function 6 (t)

has the "sifting" property . . . Other functions

have the sifting property as well. One of these

is the sin x/x function provided f(t) is appropri-

ately bandlimited ....

REPRESENTATION AND ANALYSIS OF SIG-

NALS. PART X. SIGNAL THEORY AND

ELECTROCARDIOGRAPHY

T. Y. Young, Johns ttopkins U. School of

Eng-ineering, Baltimore, Md., 15 May 1962,

112 p. incl. illus., tables, 37 refs., AD
277 015.

• . . to demonstrate that some signal theory

concepts are applicable to and greatly facilitate

the digital-computer diagnosis of electrocardio-

grams ....
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PULSE-COMPRESSIONPAIRED-ECHO
EXPERIMENTS(Correspondence)

C. E.Cook,Proe.IEEE,vol.51,no.2, Feb.
1963,p. 383/384•

It isofinteresttonotethatthelinearFM
pulse-compressiontechniqueoffersadirect
meansforinstrumentingalaboratoryanalysis
devicethatgraphicallydemonstratestheeffects
ofthevariousparametersofthepaired-echo
theoryofsignaldistortion....
SOMERELATIONSBETWEENDIGITIZING

PARAMETERSANDCALCULATED
STATISTICSOFA WAVEFORM

R. McAulay,U•ofIllinoisEngineeringExperi-
mentStation,Urbana,15Aug.1963,36p.,
Technicalrept.no•18,Technicalrept.no.1,
Rept.no.RRL208,AD417243.

A THEORYOFQUANTUMCOMMUNICATIONS
J. B•O'NcalFloridaU., Engineeringand

Industrial Experiment Station, Gainesville,

5 Dec• 1963, 66p., Rept• no• SR2,

AD 429 721.

A model for a bandlimited quantum communi-

cations channel and the channel capacity of such

a channel in the absence of external and thermal

noise are investigated ....

AN INDEX OF APPROXIMATIONS OF

FUNCTIONS

B• Prasad, California Univ., La Jolla, Aug.

1963, 32 p., AD 424 809.

A summary is presented of the rational and

polynomial approximations of mathematical func-

tions that are used in scientific computations . . .

The most important approximation techniques
used are Maclaurin Power Series, Chebyshev

Expansion, Modified Taylor's Expansion,
Lanczo's Method, Pade's Method, Maehley's

Method, Heuristic approach of Hastings.

1.143: Sigaaal Transformations

Included: Z transform; Fourier transforms; Delta functions; Fourier series; Fourier integrals;

Hilbert transforms; General integral transforms; Fourier analysis; Wiener-ttopf equations;

Cumulant transformation; Mellin transform; Laplace Transform; Hilbert transforms; Heaviside

operational calculus.

Not Included: Laplace transform for circuit analysis; Integral transforms for transient analysis•

Cross References: lIilbert space (1•141)•

Principal Publications:

VARIOUS DEFINITIONS OF TIlE DELTA

ENTITIES

O• Pankraz, Proc. of IRE, vol. 46, Sept. 1958,

p. 1653/1654•

GRAPtlICAL INTERPRETATIONS FOR FRE-

QUENCY TRANSFORMATIONS

J. L. Stewart, IRE WESCON Conv. Rec., no.

2, Aug• 1958, p. 42/45.

TIIE Z TRANSFORMATION

tI. A. ttelm, Bell Syst. Tech• J•, vol. 38,

no. 1, Jan. 1959, p. 177/196.

The sticltjes integral is used to develop a

rigorous derivation of the z transform ....

FOURIER TRANSI.'ORMS OF POSITIVE

FUNCTIONS

M. Schetzen, MITRcs. Lab. Quarterly,

Progress Rept. no• 52, Jan. 1959, l). 79/86.

A FOUIIlI"II SEIIlI,:S TIMI': I)()MAIN AI}IqlOXI -

MATION

D. R° Anderson, IRE Trans. Circuit Theory,

vol. CT-7, Aug. 1960, p• 18/25•

44

EXPERIMENTAL CORRELOGRAMS AND

FOURIER TRANSFORMS

N. F. Bather, Pergamon Press, 1961, 136p.

GUIDE TO TttE APPLICATIONS OF LAPLACE

TRANSFORMS

G. Doetsch, Princeton, N. J., D. Van Nostrand

Co., Inc., 1961, 255 p.

• . . an excellent book both from the stand-

point of mathematical rigor and from the stand-

point of practical applications. The author is

particularly careful to point out those topics

for which the reader might possibly have a false

impression of the ideas being conveyed. In

fact, he goes so far as to cite reputable engineering

texts where these ideas are falsely conveyed ....

The second edition of the German original of this

book is available from R. Odlenburg Publishers,

Munich, 1961.

Tlll.] DELTA FUNCTION AND TIlE FOURII"II

INTEGRAL

A. \V. McMurtrey, Proc. IRE, vol. 49, Nov.

1961, p. 1702/1703.
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"THEDELTAFUNCTION(Correspondence)
J. L. Brown,Jr., Proc.IRE,vol.50,Feb.

1962,p. 217.

AREATRANSFORMS
W.M.Brown,IRETrans.CircuitTheory,vol.

CT-9,no.2, June1962,p. 163/168.

• . . presentsthetheoryofanoperational
calculuswhichismuchmoregeneralthanpre-
viouslyavailabletheories.Thetheoryis
essentiallyall inclusiveinthatanyoperational
analysisfor whichthereis amultiplicativenotion
oftransferfunctionfor lineartime-invariant
systemsisaspecialcaseofthegeneraltheory
givenhere.Theintroductionreviewsthefounda-
tionsofoperationalanalysisandthenleads
quitenaturallytoareatransformsasthemost
generalform.

SOMEEXAMPLESOFTHEAPPLICATIONOF
DIFFERENCEEQUATIONSANDOFTHE
DISCRETELAPLACETRANSFORMATION
IN PULSETECtlNIQUES.(InGerman)

A. Darre,Frequenz,vol. 16,no.7,July
1962,p. 262/270.

Consideredarecasesofpulse-trainswitching
wherenoassumptioncanbemadethatthenet-
workis linearandthatthepulsesourcehasnil
internalimpedance.... Examplesconcerna
rectifiercircuit,acapacitiveandatransformer
outputcoupling,andlastlya low-passfilter
network.

HILBERTTRANSFORMSANDMODULATION
THEORY

F. F. Kuo,Proc. Nat• Electronics Conf., vol.

18, Oct. 1962,p. 51/58.

Hilbert transforms are important in representing

certain modulated signals. In this tutorial paper
we will explore the use of Bilbert transforms in

the theory of amplitude modulation, especially

single sideband . . .

COMMENTS ON THE DELTA FUNCTION AND

THE FOURIER INTEGRAL (Correspondence)

A• W• McMurtrey, Proc. IRE, vol. 50, Feb.

1962, p. 218/219.

ItILBERT TRANSFORMS AND POSITIVE-REAL

FUNCTIONS (Corrcspondence)

R. W• Neweomb, Proc• IRE, vol. 50, no. 12,

Dec. 1962, p. 2516/2517•

In a recent communication Papoulis has given

a proof of the angle constraint for positive-real

functions along the lines of that which Bayard

attributes to Leroy .... it is of interest to

know the limitations . . . For instance, the

Hilbert transform method cannot be directly

applied to the positive-real functions. In con-

trast, the Schwarz's lemma proof holds for all

positive-real functions ....
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THE FOURIER INTEGRAL AND ITS

APPLICATIONS

A. Papoulis, New York, McGraw Hill Book

Co., Inc., 1962, 318 p.

• . . a teaching book principally for electrical

engineering graduate students. As such, this

book has very little competition, its nearest

equivalent being . . . van der Pol and Bremmer.

AN ESTIMATE OF TIlE TRUNCATION ERROR
IN FOURIER INTEGRALS

(C or re spondence)

A. Papoulis, IRE Trans. Circuit Theory, vol.

CT-9, no. 2, June 1962, p. 186.

HILBERT TRANSFORMS OF BAND-PASS

FUNCTIONS (Correspondence)

It. Urkowitz, Proc. IRE, vol. 50, no. 10, Oct.
1962, p. 2143.

OPERATORENRECHNUNG UND LAPLACESCHE

TRANSFORMATION NEBST ANWENDUNG

IN PItYSIK UND TECttNIK {Operational

Calculus and LaPlace Transform with Applica-

tions in Physics and Engineering) (In German)

(Third and enlarged edition)

K. W. Wagl]erand A. Thoma, Leipzig, Verlag
J. A. Barth, 1962, 489 p.

THE DELTA FUNCTION AND THE FOURIER

INTEGRAL (Correspondence)

L. Weiss, Proc. IRE, vol. 50, Feb. 1962,

p. 217/218.

REPRESENTATION AND ANALYSIS OF SIG-

NALS. PART XI. INTEGRAL TRANS-

FORMS AND TIME-VARYING SYSTEMS

L. Weiss, Johns Hopkins U. School of Engi-

neering, Baltimore, Md., 21 May 1962,

187 p., 23 refs., AD 277 013.

• . . the fundamental character of the trans-

form method within the framework of the general

theory of eigmffunction expansions for linear

differential operators . . .

THE FUNDAMENTAL IMPORTANCE OF THE

HEAVISIDE OPERATIONAL CALCULUS

W. P. Wilson, et al., J. Brit. Instn. Radio

Engrs. , vol. 24, no. 6, Dec. 1962, p.

461/477.

APPROXIMATION TO A SPECIFIED TIME

RESPONSE

W. C. Yengst, IRE Trans. Circuit Theory, vol.

CT-9, no. 2, June 1962, p. 152/162.

• . . problem of translating the time response

specifications into a form that is amenable to

synthesis of a realizable network .... If the prob-

lem of obtaining the Laplace transform for a pre-

scribed impulse response as the ratio of poly-

nomials can be solved, then it is possible to
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completetherealizationofthenetwork.... The
purposeofthispaperis topresentaprocedureby
whichdata,givenasafunctionoftime,canbe
transformeddirectlytoarationalfractionform
whilesimultaneouslyprovidingaleast-square
approximationtothefunctionoftimethatmini-
mizestheeffectofuncorrelatedrandomnoise•

A PRODUCTTHEOREMFORHILBERT
TRANSFORMS

E. Bedrosian,Proc•IEEE,vol.51,May
1963,p. 868/869.i0 refs.,AD294704,
A63-16795.

• . . asimplemeansofhandlingproductsof
functionsfor extendingtablesofHilberttrans-
forms.ThetheoremstatesthattheHilbert
transformoftheproductofa low-passanda
high-passsignalwithnonoverlappingspectrais
givenbytheproductofthelow-passsignaland
the Itilbert transform of the high-pass signal•

AN APPLICATION AND GENERATING METItODS

FOR MELLIN TRANSFORMS

B. R. Johnson, Oregon State Univ., Corvallis,

June 1964, 55 p•, AD 422 999

• . . establishment of certain properties of a

generalization of Lerch's zeta function. Nine

powerful methods of generating new tables of

Mellin transforms from existing tables . . .
are described . . .

(No Title)
W• E• Morrow, Jr., etal•, Lincoln Lab., Mass•

Inst. of Tech., Lexington, Rept. no. 36G 4, 16

July 1963, I8 p., AD 413 786.

A new technique is described which allows the

Fourier transformation of a signal to be taken in

real time. This technique rnakes use of sigllals

and networks having linear frequency modula-

tion properties• Its salient features are that

the bandwidth of the signal being transformed is

increased by no more than a factor of two during

processing and that both the real and imaginary

parts of the Fourier transform are obtained.

An experimental demonstration of the method is
included.

A FOURIER THEOREM AND ITS APPLICATION

TO TIIE MEASUREMENT OF ELECTRO-

MAGNETIC FIELDS AND QUANTUM
MECHANICAL STATES

H. E. Moses, et al., Lincoln Lab., Mass. Inst.

of Tech., Lexington, April 30, 1963, 9 p. ,

4 refs., Tech Rept. 310, N63-22941.

• . . A mathematical theorem is given by

which a complex function of a real argnmcnt can
be determined from its absolute value and the

absolute values of the Fourier trans['orm uf the

truncated function ['or all possible truncations . . .

The theorem presented enables the assignment

of electric fields to energy densities and quantum

mechanical states to sets of probability densities.
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NOTES ON FOURIER ANALYSIS AND

SPECTRAL WINDOWS

E. Parzen, Applied Mathematics and Statistics

Labs., Stanford U., Calif., 15 May 1963,

61p., TR48, AD 404 890.

THE LAPLACE TRANSFORM OF THE

SECTIONALLY-CONTINUOUS DERIVATIVE

OF A SECTIONALLY-CONTINUOUS

FUNCTION

B. Rasof, Franklin Institute, Journal, vol. 277,

Feb. 1964, p. 119/127, Ford Foundation-

supported research, A64 15307.

• . .the Laplace transform . . . is the

straightforward and efficient manner with which

sectionally-continuous functions can be treated.

This feature of the Laplace transform is the

basis for some of its most interesting and useful

applications . . . In certain important applica-

tions, both the function and its derivative are

sectionally-continuous, with a common abscissa

of discontinuity. This matter is clarified and

corrected in the present analysis.

WIENER-HOPF DIFFERENCE EQUATIONS

G. Strang, Journal of Mathematics and

Mechanics, vol. 13, Jan. 1964, p. 85/96,

14 refs., A64-15507.

Development of a general theory of mixed

problems for linear hyperbolic equations for the

simplest situation, that is, for a scalar equation

and one plane boundary ....

KUMULIANTNOE PREOBRAZOVANIE I

VOZMOZIINOSTI EGO ISPOL'-ZOVANIIA

DLIA ISSLEDOVANIIA DINAMICttESKIKtt

SISTEM (Cumulant Transformation and Its

Possible Applications in the Investigation

of Dynamic Systems) (In Russian)
A. M. Tsiriin, Akademiia Nauk SSSR, Izvestiia,

Tekhnieheskaia Kibernetika, Nov.-Dec. 1963,

p. 93/100, A64-14242.

Discussion of an integral transform whereby

a convolution of initial functions appears as a sum

of the transformed functions. This t3qm of trans-

form is termed eunmlant due to its analogy with

the relations between moments and cumulants in

the distribution law of a random quantity. An

analysis of the properties of the eumulant trans-
form shows tbat it is best suited for the solution

of problems usually solved by means of loga-

rithmie frc<tucncy characteristics, and yields

substantial advantages over the latter technique.

ON TIIV SAMPI_ING PROPERTY OF Till':

DI,: LTA FUNCTION

II. [Jrkowitz, Ih'oc. IÂ,;EE, vol. 51, no. 7, July

I963, p. 1057/1058.

The saml)ling l)rOl)crty attributed to the delta

function is usually ext)resscd in . . . an integral

eN)ression . . . where f(t) is continuous at t a.
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InarecentcommunicationUrkowitzassertsan
apparentlymoregeneralresultwhichfor clarity,
weshallrefertoasthesiftingproperty. . . in
casef(t)hasatworstanordinarydiscontinuity
att-a. Themainpruposeofthepresentcommuni-
cationis topointoutthatthesetwopropertiesare
genuinelydistinctandthatthesiftingproperty
doesnotapplytothedeltafunctionatall....

DETERMINATIONOFSOURCEFEATURESBY
MEANSOFINTERFEROMETRY
(Correspondence)

D. R.Wells,Proc.IEEE,vol.51,no.9, Sept.
1963,p. 1245.

• . . resolutionpropertiesofradarandradio
telescopes. . . substantialsimplificationby
meansoftheambig_iityfunction•However,other
featuresoftheenergysourceorreflectorare
availablefromtheinterferometertypeofreceiver
• . . Byseparationofthereceivedsignalinto
evenandoddcomponentsabouttheantennaaxis,
therealandimaginarycomponentsofthesource

i. 144: SignalCorrelationProperties

canbedirectlyextracted,andit isclearfrom
theHilbertTransformthatbothevenandodd
portionsofthesignalcontainallthesignal
propertiesthatareavailable•

Related Publications:

PULSE SYSTEM THEORY APPLICATIONS. II

K. Ikrath, Army Signal Research and Develop-

ment Lab., Fort Monmouth, 1 March 1960,

ASRDL technical rept. 2099, AD 246 075.

The wave shapes of pulse train responses of

various filter networks under different operating

conditions are accurately formulated on the basis

of mathematical methods which are documented

in AD 140 511. A quantitative insight into the

shortcomings ofordinaryLaplace Transform and

Fourier Transform approach to pulse systems
problems is given on the basis of numerical

examples whose practical implications are dis-
cussed.

Included: Spectral correlation theory (USSR); Autocorrelation of signals; Finite convolution; Quasi

correlation methods (USSR); Integral equations of the convolution type; Correlation functions in

general; Correlation electronics (Germany).

Not Included: Autocorrelation properties of binary sequences (2); PN-sequences (2).

Cross References: Pn-sequenees as digital waveforms (1. 314); Spectral analysis of signals; (1. 145);

Correlation properties of modulated waveforms (1. 210); Correlation receivers for data transmission

(1•373).

Principal Publications:

APPROXIMATION OF AUTOCORRELATION FUNC-

TIONS BY A SERIES OF DAMPED COSINE

FUNCTIONS

D. T. Friest, et. al., Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p• 709/714.

Autocorrelation functions arrived at experi-

mentally seldom have simple mathematical form

and thus must be approximated somehow or other

for analytical studies .... This technique of

analyzing a random function is analogous to the

conventional Fourier analysis of a nonsinusoidal

wave, except that it leads to bands of frequencies

which are integrally related rather than discrete

frequencies ....

KORRE LATIONSE LE CTRONIK (Correlation

Electronics) (In German)

F. H. Lange, Berlin, VEB Verlag Technik,

1959, 320 p. (For second edition see 1962.)

SOME PROBLEMS OF THE SPECTRAL-

CORRELATION THEORY OF NON-STATIONARY
SIGNALS

N. A. Zheleznov, Radio Engrg. & Electronics,

vol. 4, no. 3, 1959, p. 12/30.

• . . Relationships are formulated between the

corresponding spectral and correlation functions

in the form of Fourier transformation pairs.

The ergodie theorems are proved for non-

stationary signals and the physical content of
the conditions for which these theorems are

valid are explained. The spectral and correla-
tional functions of a few classes of non-

stationary signals are examined.

THE TiME CORRELATION INTERVALS OF

SIGNALS AND ITS CONNECTION WITH THE

PARAMETERS OF THE POWER SPECTRUM

N. A. Zheleznov, Telecommunications, no. 5,
Oct. 1961, p. 478/488.

• . . calculation of the interval of time corre-

lation for arbitrary non-stationary signals with

respect to the spectrum of power .... As an

example the interval of correlation of the signals
of Russian speech is calculated. The connection

between the number of measurements of a model

with a limited spectrum and the number of

degrees of freedom is considered ....

47
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RAPIDEVALUATIONOFTHEAUTO-CORRE-
LATIONFUNCTIONOFTHEOUTPUTOF
SINGLE-VALUEDNON-LINEARITIESIN
RESPONSETOSINUSOIDALANDGAUSSIAN
SIGNALS

D. P.Atherton,Prec.Instn.Elect.Engrs.
London,(PartC),vol. 109,no.16,Sept.
1962,p. 656/664.

• . . canbeusedfortherapidevaluationof
theresponseofasingle-valuednon-linearele-
menttoasinusoidalsignalandGaussiannoise,
appliedseparatelyor together.Thetechnique
usedis toapproximatethenon-linearcharacter-
isticbyasteppedor 'digitized'waveform;exact
evaluationoftheresponseofthedigitized
characteristiccaneasilybeobtained....

shortauto-correlationfunctionis simplythe
Fouriertransformofthesquareoftheenvelope
ofaband-limitedsignal.

CORRELATIONFUNCTIONSFORTHE
RANDOMBINARYWAVE(Correspondence)

P.W.Cooper,IEEETrans.Commun.Syst.,
vol.CS-11,no.4, Dec.1963,p. 496/497.

Thisnotepresentsexpressionsfortheauto-
correlationfunction,its ttilbertTransform,
andtheassociated"envelope"and"phase"func-
tionsfortheband-limitedrandombinarywave.
Interestinthesefunctionscouldarise,for
example,inanalysisofthe"envelope"ofasig-
nalandincorrelationdetectionofasingle
sidebandwaveform. . .

THEAPPLICATIONOFINVERSECONVOLU-
TIONTECtlNIQUESTOIMPROVESIGNAL
RESPONSEOFRECORDEDGEOPIIYSICAL
DATA

C. F. George,etal., Prec.IRE,vol.50,no.
11,Nov.1962,p. 2313/2319.

Theprocessof restoringsignalresolutionto
datarecordedfromasluggishmeasuring
devicemaybeaccomplishedbyappropriate
mathematicaloperationsonthedatausinga
largedigitalcomputer.Smoothingtechniques
maybeappliedinthetransformdomainto
deriveaninverseconvolvertobeusedin real
space.Theinverseeonvolver,anon-physically
realizablefilter function,whenconvolvedwith
theoutputofthedevice,restoreshigh-frequency
componentsnecessaryfor sharpdetail....

KORRELATIONSELEKTRONIK,GRUNDLAGEN
UNDANWENDUNGDERKORRELATIONS-
ANALYSEIN DERMODERNENNACII-
RICHTEN-,MeB-UNDREGELUNGSTECHNIK;
(2Aufl.)(Correlationelectronics.Fundamen-
talsandApplicationsofCorrelationAnalysis
in theModernCommunicationsandControl
Technique) (2d edition) (In German)

F. II. Lange, Berlin, Verlag Technik, 1962,

381 p.

SOME PROPERTIES OF TIIE FINITE

CONVOLUTION

J. A. Sheehan, Mitre Corp., Bedford, Mass.

17 July 1962, 26p., 9 refs., Technical memo

no. TM-3346, AD 291 868.

• . . In this paper, we shall impose upon r(tau)

and f(t) the restriction that they are mcnlbers of

the class of functions on compact support, that

is, functions which vanish outside finite invervals

of the tau- or t-axis. Our nmin results are :t

set of existence and uni(luoness (or non-uniqueness)

theorems on tile solution of r(tau) in short func-

tions. A short hmction is, of course, simply the

Fourier transform era I)and-limited sig_ml, and a
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FREQUENCY RESPONSE MEASUREMENT BY

CROSS CORRELATION (Correspondence)

E. R. Funke, Prec. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1253.

When measuring a system's amplitude and

phase response with respect to frequency it is

often found expensive or difficult to generate a

90 ° phase shift of the sinusoidal input. It may

be of interest to point out that the 90 ° phase

shift is not essential for this measurement and

any lmown phase shifter will be sufficient for

this purpose ....

CONSTRUCTION OF TiME-LIMITED FUNC-

TIONS WITtI SPECIFIED AUTO-

CORRELATION FUNCTIONS

E. M. IIofstetter, IEEE Trans. Inform. Th.,

vol. IT-10, no. 2, April 1964, p. 119/126.

A necessary and sufficient condition is derived
for a function to be the autocorrelation function of

a time-limited function of specified length. A

constructive procedure for determining all possi-

ble time-limited functions having the same auto-

correlation function as a given time-limited

function is presented ....

ON TIlE APPROXIMATE SOLUTION OF INTE-

GRAL EQUATIONS OF TIlE CONVOLUTION
TYPE

Y. L. Luke, Midwest Research Inst., Kansas

City, Mo. , Final rept., 1 Jan.-Dec. 1961,

Feb. 1963, 23 p., AD 403 426.

Convolution integral equations have a simple

representation in the form of a Laplace trans-

form, and so solution follows by transform

inversion . . . Approximations to an inverse

Laplace transform are studied when the trans-

form, which involves the exponential integral, is

approximated by rational functions. The approxi-

mate solution is a sum of eN)onential functions,

and numerics are presented to show the efficiency

of our teclmique.
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• KVAZIKORRELATSIONNYI METOD ISSLEDOVANIIA

PEREKHODNYKH PROTSESSOV V LINEINYKH

SISTEMAKH (A Quasi-Correlation Method for

Studying the Transient Response of Linear

Systems) (In Russian)

I. N. Migulin, Avtomatika i Telemekhanika, vol.

24, Oct. 1963, p. 1351/1359, A64-13217.

Presentation of an approximate method for cal-

culating the delay period, transient period, and

overshoot of a system from its frequency and

phase characteristics. An expression is derived,

using which the transient characteristic of a sys-

tem can be calculated with any required accuracy•

i. 145:

AN ANALYZER FOR MEASURING THE

WIENER COHERENCY MATRIX OF TWO

SIGNALS (Correspondence)
N• G. Parke, III, Proc. IEEE, rot• 51, no. 6,

June 1963, p• 951/952•

The density form of the Wiener coherence
matrix is equivalent from an information theo-

retical standpoint to the matrix of auto- and

cross-correlations of two signals. A technique

for measuring a two-by-two Wiener coherency

matrix using four multiple-filter spectrum

analyzers has been worked out ....

Signal Spectra

Included: Amplitude spectra of signals; Phase spectra of signals; Power spectra in general;

Instantaneous spectra; Spectra power density of signals; Pseudo-spectra; Limited spectrum functions

(USSR); Complex spectra.

Not Included: Spectrum analysis; Spectra of speech waveforms (2); Ambiguity functions (2).

Cross References: Power spectra of modulated waveforms (1.210); Power spectra of pulse trains

(1. 413); Spectra of elementary waveforms (1. 311); Spectral characteristics of noise (1• 711).

Principal Publications:

THE MEASUREMENT OF POWER SPECTRA

FROM THE POINT OF VIEW OF COMMUNI-
CATIONS ENGINEERING--PART I

R. B. Blackman, et al., Bell Syst. Tech. J.,

vol. 37, no. 1, Jan. 1958, p. 185•

THE MEASUREMENT OF POWER SPECTRA

FROM THE POINT OF VIEW OF COMMUNI-

CATIONS ENGINEERING--PART II

R. B. Blackman, et al•, Bell Syst. Tcch. J•,

vol. 37, no. 2, March 1958, p. 485/569•

METIIOD OF OBTAINING AMPLITUDE AND

PHASE SPECTRA OF A TRANSIENT

FUNCTION USING GRAPHICAL INPUT DATA

W. J. Remillard, J. Acoust. Soc. Amer., vol.

31, April 1959, p. 531/534.

Both amplitude and phase spectra are needed to

characterize transient functions completely.

Analysis shows how these spectra can be obtained

from the envelopes of the line spectra of the even

and odd parts of a transient function made to
recur in time. Instrumentation is described for

the convenient determination of these line spectra.

DER BEGRIFF DER LEISTUNG BEI KOMPLEXEN

FREQUENZEN (The Definition of Power with

Complex Frequencies) (In German)

G. Schilling, Frequenz, vol. 13, March 1959,
2036/2037.

CALCULATING TtIE SPECTRUM POWER

DENSITY OF A SIGNAL

Proc. IRE, vol. 48, no. 12, Dee• 1960, p.
2036/2037•

• • • The Q of the filter is chosen to be com-

patible with the spectrum variations of the signal
under test...

A NOTE ON INSTANTANEOUS SPECTRUM

Proc. IRE, vol• 49, no. 2, March 1961,

p. 649.

(good bibliography)

ESTIMATION OF POWER SPECTRAL

DENSITY BY FILTERS

E. J. Gauss, Association for Computing

Machinery, Journal, vol. ii, Jan. 1964,

p. 98/103, 8 refs., A64-14416.

Presentation of an algorithm which differs

from previous methods by being more adaptable

for searching over wide frequency ranges and

which permits the estimation of spectral density

as a function of time as well as of frequency . . .

A THEORY OF THE PSEUDOSPECTRUM AND

ITS APPLICATION TO NONSTATIONARY

DYNAMIC ECONOMETRIC MODELS

M. Hatanaka, ctal., Princeton U., N. J.,

31 Jan. 1963, 38 p., Research memo. no. 52,
AD 299 585.

A METHOD OF CALCULATING COMPLEX

SPECTRA OF IMPULSE FUNCTIONS BY

MEANS OF AN AMPLITUDE ANALYZER

(In Russian)

S. A. Kats, Akaderniia Nauk SSSR, Izvestia,

Seriia Geofizicheskaia, no. 10, 1963, p.

1544/1553., Academy of Sciences USSR,

Bulletin, Geophysics Series, Oct. 1963,

p. 932/937, Translation, A64-14817.

• . . determination of amplitude and phase

spectra of impulse functions . . . permits the

real and imaginary parts of a complex spectrum

to be calculated by means of an amplitude

analyzer. As an example, a sinusoid, shifted

relative to the commencement of recording, is

analyzed. It is shown that by varying the method

of analysis, it is possible to impart to a
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pulse-height analyzer the possibilities of a multi-

purpose device which determines amplitude and

phase spectra.

INSTANTANEOUS SPECTRA AND AMBIGUITY

FUNCTIONS (Correspondence)

M. J. Levin, IEEE Trans. Inform. Theory,

voI. IT-10, no. 1, Jan. 1964, p. 95/97.

A formulation of the "instantaneous spectrum"
of a waveform is described which is a modifica-

tion of that originally considered by Page and

extended by Turner• It is shown that this functlon

is the double Fourier transform of the complex-

conjugate of the ambiguity function and has other

interesting properties ....

TttE STRUCTURE OF FUNCTIONS WITII A

LIMITED SPECTRUM AND RELATED PROB-

LEMS IN COMMUNICATIONS TttEORY

B. S. Tsybakov, et al., Joint Publications Re-

search Service, Washington, D. C., 3 April

1963, 19 p., refs., Transl. into English of

an article from Mosk. Fiz-Tekh Inst., Issled.

P. Fiz. i Radiotekhn., Tr. Inst. (Moscow),

no. 2, 1958, p. 13/29, N64-11057.

• • . Limited spectrum functions . . . and

• . . their derivatives defined over some peri-

odic sequence of argmnents . . . meaning of

representation of a limited spectrum as a

Kotel'nikov series . . . relationship between

limited spectrum functions and whole functions

• . . solution of the interpolation problem for

the whole function . . . expansion in the form of

a Kotel'nikov series was sought . . •

Related Publications:

COMPARISON OF POWER SPECTRAL

DENSITY TECtlNIQUI'2S AS APPLIED TO
DIGITALIZFD DATA RECOIIDS OF NON-

STATIONARY PROCESSES, PART I

G. W. Evans, II, et al., Stanford Research Inst.,

Menlo Park, Calif., Sept. 1963, 141 p.,

TechnieaI rept. no. 14, AD 419 493•

• . . discussion of harmonic analysis, power

spectral analysis, stationary and nonstationary

stochastic processes, and a description of

twenty-seven techniques for power spectral

density (PSD) analysis .... Part II of this

report . . . uses the preferred technique to

analyze actual data from recordings of radar
baekseatter from missiles.

1. 146: Signal Theory of Circuits and Systems

Included: Signals in time-varying systems; Frequency synthesizing networks; Sideban(t algebra;

Transfer function synthesis.

Not Included: Analysis of time-varying systems; Network analysis and synthesis; Theory Of control

systems.

Cross References: Fundamentals of pulse transmission over channels (1. 622); Signal distortion in

communication channels (1.62); Practical channels with time-variable parameters (1.61).

Principal Publications:

VARIABLE FREQUENCY ELECTRIC CIRCUIT
TtfEORY WITtI APPLICATION TO TIlE THEORY

OF FREQUENCY MODULATION

V. Carson, et al., Bell Syst. Teeh. J., vol. 16,
Oct. 1937.

APPLICATION OF FOURIER TRANSFORMS TO

VAIIIAB IA':- FR EQ UE NCY CIRCUIT
ANALYSIS

A. G. Clavier, Prec. IRE, vol. 37, Nov. 1949,

p. 1287/1290.

TIlE INTFRPOL&TION OF FUNCTIONS BY

EXI)ONFNTIAL POLYNOMIALS AND ITS

APPLICATI()N TO TIlE SYNTIIFSIS OF

I':IAqCTRICAL CIRCUITS WITII III.]SPECT TO

TIME CIIARACTERISTICS

N. S. Kochanov, Radio Fngng: Transl. of Radio-

tekhnika, vol. I5, no. S, 1960, p. 87/95.

equidistant points of interpolation. The use of

this method is shown for the s_qathesis of a

four-pole forming a sine-squared pulse ....

TllEORY OF A FIIEQUENCY-SYNTIlESIZING
NETWORK

B. M. Wojciechowski, Bell Syst. Tech. J.,

vol. 39, no. 3, May 1960, p. 649/673.

The theoretical basis for designing frequency-

combining and selecting circuits is developed.

By the introduction of "sidcband algebra" and of

a frequency sym/)olic network, the new method

offers formal desigl_ procedures in place of
intuitive ones.

DISCllFTI', FINITE IIEPRESENTATION OF A

IINI,'AII, STATIONARY SYSTEM

P. J. Butterly, Johns llopkins U., Carlyle

13arton l,ab., Baltimore, Md., May 1963,
5111)., (; rcfs., AI) 405 826, N(i3-1(1919.

A study is made of the make-up of ext)oncntial

polynomials, with resl)cct to the values of a time
function and its first derivative at a number of

This report describes a linear system repro-

senttttion suitable for use with sig_mls of finite

dimensionality. This representation takes the
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formofamatrixwithelementswhichdependboth
onthechoiceofsignalbasisandonthetransmis-
sionpropertiesofthesystem.... transforma-
tionformulasareestablishedforanumberof
cases. . .

GENERALIZEDFREQUENCYRESPONSECON-
CEPTSFORTIME-VARYING,DISCRETE-
TIMELINEARSYSTEMS

A. W•Naylor,IEEETrans.CircuitTheory,
vol.CT-10,no.3, Sept.1963,p. 428/440.

• . . It is shownthatmanyofthefrequency
responseconceptsassociatedwithtime-invariant
linearsystemscanbeextendedinameaningful
mannertotime-varying,discrete-timelinear
systems.Generalizedfrequencydomainrepre-
sentationsoftheinputandoutputareintroduced
alongwithageneralizedfrequencyresponseor
transferfunctionrelatinginputandoutput.In
addition,generalizationsofbandwidth,gain
bandwidthproduct,andParseval's(Plancherel's)
theoremareintroduced....

TRANSFERFUNCTIONSYNTHESISASA RATIO
OFTWOCOMPLEXPOLYNOMIALS

C. K.Sanathanan,etal., ArgonneNationalLab.,
Ill., May1963,37p., 6refs.,ANL-6716,
N63-19825.

Experimentaldataforfrequencyresponseob-
tainedfromalineardynamicsystemisprocessed
toobtainthetransferfunctionasaratiooftwo
frequency-dependentpolynomials.... The
magnitudeandphaseangleofthetransferfunction
areevaluatedatvariousfrequenciesbymeansof
thecomputedpolynomialratio.... Thenumerical
solutionofthisproblemwasobtainedbyusingan
IBM-704FORTRANprogram....
REPRESENTATIONANDANALYSISOFSIGNALS.

PARTXIV. TIMEVARYINGSYSTEMSWITH
SEPARABLESYSTEMFUNCTIONS

L• Weiss,JohnsHopkinsU., SchoolofEngineering,
Baltimore,Md., 30Jan.1963,94p.,
AD411274.

Therelationshipofthedifferentialequationof
asystemtothesystem'sweightingpattern(im-
pulseresponse)isdiscussed.Therealizationof
lineardifferentialsystemsis discussed,andsome

"tricks"regardingmanipulationoftheposition
offunctiongeneratorsinananalogcomputer
typerealization(withoutchangingtheinput-
outputrelation)arepresented...
Related Publications:

THEORETICAL FUNDAMENTALS OF PULSE

TRANSMISSION

E. D. Sunde, Bell Syst. Teeh. J., May 1954,

p. 729.

PHASE INTERCEPT DISTORTION

P. F. Ordung, Dunham Lab., Yale U., New

Haven, Conn., Quarterly progress rept• no.

6, Oct. 1958, AD207 085.

• . . attenuation shall be constant and the

phase characteristic shall be a linear function

of frequency throughout the passband of the

message .... these conditions . . . are not

sufficient to guarantee that the transmission

• . . will be distortion free• An additional

requirement should be that the linear phase

characteristic in the passband when extended to

zero frequency shall have a phase angle inter-

cept (or phase intercept) that is a multiple of

r radians. When the phase intercept angle is

other than a multiple of 7r radians, a form of

distortion, which is known as phase intercept

distortion is obtained• (See also AD 154 561)

GEOMETRIC-ANALYTIC TttEORY OF TRANS-

ITION IN ELECTRICAL ENGINEERING

E. F. Bolinder, Proc. IRE, vol. 47, June 1959,

p. 1124/1129.

• . . applied to circuit theory. A transition

from one state to another is represented in a

complex phne by two points which, by variation

of a parameter, approach each other, coalesce,

and then separate along trajectories perpen-

dicular to the original trajectories.
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DIVISION1.2
ANALOGMODULATIONMETHODS

Themajorityofimportantpublicationsonanalogmodulationmethodsappearedpriorto1958,thebeginningof
theperiodcoveredinthisbibliography.Somehistoricallyimportantpapersofearlierdatesarereferenced
andadditionalreferenceswillbefoundinbooksandsurveysmentionedin thisdivisionandinsubdivision
1.100.

It is interestingtonotethatmanyoftheso-calleddigitalsystems,suchassomephaseshiftkeyingsystems,
actuallyuseaperfectlyanalogandlinearmodulationandtransmissionsystem(inthiscasephasemodulation)
andtheonlynonlinearelementwithdiscretecharacteristicsis alimiteror slicerafterthephasedemodulator.
Thusthereadermayexpecttofindthatmanypublicationsindivision1.3arecloselyrelatedtothecorrespond-
ingproblemsofthisdivision.Thusit is advisabletorelateFSKtoFM,phaseshiftkeyingtophasemodulation
andvestigialsidebanddatasystemstoproblemsofasymmetricsidebandmodulationforanalogchannels.

Section 1.20

1. 200: Analog Modulation Methods in General

Included: Problems common to all analog modulation methods; Generalized theory of frequency and

amplitude modulation: Modulated carrier signals in general.

Cross References: Books and surveys on modulation methods (1.1OO); Comparison of modulation

methods (Div. 1.8); Multiple modulation methods (Div. 1.9).

Principal Publications: Related Publications:

GENERAI,IZFD TIIEORY OF FREQUENCY AND
AMPLITUDE MODULATION

L.J. Giaeoletto, Proc. IRE, July 1947.

DIE AMPLITUDE UND DIE FREQIJENZ EINER

MODULIERTEN TRAGEI/WEI,LE (The Ampli-

tude and the Frequency of a Modulated Carrier

Frequency) (in German)

A. Ditl, Hochfrequenztech. u. Elektakustik,

vol. 66. March 1958, p. 160/167.

GENERAL PROPER'I]ES OF FREQUENCY-
CONVERTING NETWORKS

S. Duinker, Philips Res. Rep., vol• 13, Feb.

1958. p. 37/78.

NEW MODULATION AND DETECTION METHODS

G. Guenther, RCA, Reprint of Lecture No. 4,

(Mod. Comm.)Feb. I0, 1958, Ifeld at Univ. of

Philadelphia, RCA Review, Feb. 1958, p. 339.

MODUI,ATION

S. Weber, Electronics, vol. 32. no. 43, Oct.

1959, p. 103/105.

Optimum m)dulation method is required for

best use of the propagation medium.

l,:ngineers are not always agreed on what is
optimum.

Amplitude Modulation -

Frequency Modulation -
Pulse Modulation -

Single Sideband -

Costas on Double Sidebaud

METIIODS OF COMPARISON AND EVALUATION

OF COMMUNICATION SYSTEMS

L. Valcik, etal., Armour Research Foundation,

Chicago, Ill.. 26 July 1960, AD 244 887.

• . . methods for comparing and evaluating

long-range point-to-point communication sys-

tems . . . a review of factors affecting the choice

of modulation for use with the various propaga-

tion modes .... a review of AM, FM, and

PM principles, discussion of matched filters

and correlation detectors, a short summary of

propagation effects on some types of signals.

Emphasis is on the theoretical performance of

digital AM, FSK, and PSK systems under cer-

tain non-fading conditions. An extensive list of
references is included.

RESEARCIt ON TttE TtlEORY AND UTILIZATION

OF VARIOUS PHENOMENA IN THE PER-

FORMANCE OF CIRCUIT FUNCTIONS

C. Volz, et al. ,Solid Circuits Res. Lab. , Penn.

State U. Coll. of Engrg., University Park,

Scientific rept. 6. 1 Nov. 1959 - 1 Feb. 1960,
57p. AD 243 595.

• . . The carrier is a physical entity takingthe

form of a signal whose sole purpose is to serve
as a vehicle for the transmission of information

through the system• Ultimately these concepts

should lead to a simplified mathematical pro-

cedure for h,'mdling circuit operations individually
or in combination.
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Section1.21

1.210:AnalysisofAnalogModulationMethods

Included:Powerspectraofmodulatedsignalsingeneral;Autocorrelationfunctionofmodulated
waveforms;Measurementofpowerspectra;Computeranalysisofpowerspectra:Statisticaldes-
criptionofmodulatedsignals.

NotIncluded:Spectrumanalyzers;Interferencespectraofcommunicationsequipment•

CrossReferences:Spectraofsignalsingeneral(1.145);Powerspectraofpulsetrains(1.413);
Fundamentalsofcorrelationprocesses(1.111);Signalcorrelationproperties(1.144);Power
spectraofFMsignals(1.232);Comparisonofvariousanalogmodulationsystems(1.820).

PrincipalPublications:

THEMEASUREMENTOFPOWERSPECTRA
FROMTHEPOINTOFVIEWOFCOM-
MUNICATIONSENGINEERING.PT.I
ANDPT.II

B.Blackman,etal., BellSystemsTech•J.,
vol.37,pt. I, Jan.1958,p• 185/282;vol.37,
pt. II, March1958,p•485/569.

ZURMESSUNGDERWAHRSCHEINLICHKEITS-
DICHTEUNDDESSPEKTRUMSVON
STATIONARENZEITPROZESSEN(Measur-
mentoftheProbabilityDensityandofthe
SpectrumofStationaryTime-Processes)
(InGerman)

P.Fey,Hochfreq•&Elektroakustik,vol•66,
March1958,p• 141/142.

FMMULTIPLEXSPECTRAANDINTER-
FERENCE(Correspondence)

L. Arguimbau,Proc.IRE,vol.47,Aug.1959,
p. 1372/1373.

COMBINEDAMANDPMFORA ONE-SIDED
SPECTRUM(Correspondence)

N. Chakrabarti,Proc.IRE,vol.47,Sept.1959,
p. 1663.

FURTHERCOMMENTSON "A MARKOFF

ENVELOPE PROCESS" (Correspondence)

C.T. Isley, et al.. IRE Trans. Inform. Th.,

vol. IT-5, Dec. 1959, p. 186/188.

• . . Exact theoretical formulae are produced

which make it possible to evaluate the spectra

produced in the Kahn-type transmitter by am-

plitude-phase modulation. It is shown that oscil-
lations with optimum amplitude-phase modu-

lation cannot be produced and that the second

sideband can only be partially suppressed; in

this respect, the system has no advantages over

the quadrature modulation system ....

R.F. SPECTRA OF WAVES FREQUENCY
MODULATED WITH WHITE NOISE

R.G. Medhurst, Proc• Instn. Elect. Engrs.
Part C, London, vol. 107, no. 12, Sept.

1960, p. 314/323., 26 refs.

• . . Although comprehensive sets of curves

are available giving the radio-frequency spectra

of waves phase modulated with band-limited

white noise (simulating f. d. m. telephone signals),

the corresponding problem for frequency modu-
lation turns out to be much more intractable• In

the present paper the frequency-modulation

problem is attacked using a method employed in
an earlier paper, in conjunction with numerical

devices for improving the convergence rate of

very slowly converging series ....

SECOND-ORDER PROPERTIES OF THE PRE-

ENVELOPE AND ENVELOPE PROCESSES

(Correspondence)

M. Zakai, IRE Trans. Inform. Th., vol. IT-G,

no. 5, Dee. 1960. p. 556/557.

ON THE COMPUTER REALIZATION OF AN

ORTHONORMAL SPECTRUM OF A GIVEN

SIGNAL FUNCTION

E. Mishkin, Proc. IRE, vol. 47, May 1959,
p. 1003/1004.

SPECTRAL MEASUREMENTS OF SLIDING

TONES

W. Gersch, et al., IRE Trans. Circuit Theory,

vol. CT-7, Aug. 1960, p. 26/39.

SPECTRUM ANALYSIS IN AMPLITUDE-

PHASE MODULATION

L.E. Kliagin, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, Aug. 1960, p. 96/106.

SPECTRAL REPRESENTATION OF RESIDUAL-

SIDE-BAND TRANSMISSION IN VIEW OF

POSSIBLE INTERCONNECTION BETWEEN

SINGLE- AND DOUBLE-SIDEBAND

SYSTEMS (In German)
N. Berger. Nachrichtentechnik, vol. 11, no.

1, Jan. 1961, p. 31/35.

• . . The use of filters whose response is dis-

symmetrical with respect to the carrier frequency
of an amplitude-modulated wave involves a fre-

quency spectrum which is a complex Fourier

transform. This is discussed and a method sug-

gested whereby complex frequency spectra can

be represented diagramatically.
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A GENERALIZATION OF WOODWARD'S

THEOREM AND THE SPECTRUM OF A

HIGH HARMONIC OF A SINUSOID PLUS

NARROW-BAND GAUSSIAN NOISE

N.M. Blachman. Electronic Defense Labs.,

Mountain View, Calif. , 28 March1961., 12p°

Technical memo. EDL-M367, AD263 056.

• . . Woodward's theorem asserts that

the power spectrum of a slowly frequency-

modulated signal is given by the first-order

probability density of the modulation. It can

be extended to cover the case where there is

slow amplitude modulation as well (correlated

or uncorrelated and deterministric or random)

by weighting each frequency by the mean

square amplitude associated with it . . . It is

applied to the case of a sinusoid plus narrow-

band gaussian noise that has been passed

through a power-law device to generate a high
harmonic.

AN INTRODUCTION TO FOURIER

ANALYSIS

R.D. Stuart, London, Methuen & Co. Ltd..

1961, 126.

POWER SPECTRA OF SIGNALS MODULATED

BY RANDOM AND PSEUDORANDOM

SEQUENCES

R.C. Titsworth. et al.. Jet Propulsion, Lab. ,

Calif. Inst. of Tech., Pasadena, Oct. i961,

45p. (llept. 32-140), AD 268 119

. . . concerned with the spectral distribu-

tion of signals coherently modulated by discrete

random and randomlike sequences which change

state only at integral multiples of some basic

time division t sub 0. In general, a sequence

may modulate signals randomly or in some fixed
deterministic fashion. Furthermore, deter-

ministic processes may be constructed to

possess certain randomlike qualities. Special
attention is directed to Markov chains and

linear pseudorm_dom sequences: the siglmls

selected by the modulation process are not

restricted to any one class, and examples are
given for sinusoids and square waves. Specific-

ally. the effects of carrier-sig_ml waveform

and type of sequence upon the over-all power

spectrum are considered. In the case of sinus-

oidal modulation, the effect of phase shift is

investigated.

"1"111.2ANA I,YTIC SIGNAL RE PI1ESF_NTATION

OF MOI)U I,A TEl) \VA VE FORMS

F. Bedrosian, Proc. IllE, vol. 50, no. t0, Oct.
i962, p. 2071/207(;.

• . a rat]mr general and mathematically
convemcnt formulation of analog-modulated

signals which makes use of the analytic signal

concept. Known types of modulation are

readily identified as special cases .... a

new type of modulation has been discovered -

single sideband frequency modulation

(SSB FM) - which can be derived from a

conventional phase-modulated signal by an

additional amplitude modulation, using the

exponential function of the modulating signal's

Hilbert transform, The resulting modulated

sigual will have a one-sided spectrum about

the carrier frequency, will be compatible

with existing FM receivers, and will cause a

decrease in signal bandwidth.

A GENERAI,IZATION OF WOODWARD'S

TIIEOREM ON FM SPECTRA
N. M. Blaehman. Information Control,vol. 5,

no. 1, March 1962, p. 55/63.

Woodward's theorem . . . can be extended to

cover the case where there is slow amplitude

modulation as well . . . correlated or uncor-

related and deterministic or random . . . The

modulation can be regarded as slow if its band-

width is small compared to the frequency
excursion ....

DFTEIIMINATION OF TIlE SPECTIIUM OF A

CAI'tRIEIt PIIASI.:-MODUI2k'I'ED BY A

BI-PIIASF SUBCARRII;:R

R. Chin, et al., Philco Corp., Palo Alto.

Calif. ,25 Jan. 1962, 18 p. incl. illus.,

table (Rept. no. WDITTI/1900), AI) 296 415.

. . . spectrum of abi-phasc subcarricr, that

switches phase every bit period, phase-modu-

lating a carrier . . . worst ease with regard to
bandwidth . . . the minimum IF bandwidth is

twice the sum of the subearrier frequency and

one-half the switching frequency . . . com-

ponents beyond the third harmonic are

appreciably small and may be neglected . .

SI_t.2CTRA AND ANALYSIS On I/ussian

(Fourth Edition)

A.A. biharkevich, Moscow, Fizmatgiz, 1962.

236p.

MEASUI/1.;MI,:NTS OF PI/OI_ABILITY DENSI-

"lqlCS OF SMAIA_ I.NSI']MBI,I':S OF PERI-

O13I C WA VE 1.'OI/MS (Correspondence)
ti. I, Fox, et al.. Proc. IRE. vol. 50, no. 10.

Oct. 1962, p. 2118.

"ll_e monograph deals with a selection of

spectral representations used in the theory of

oscillations, acoustics, and radio engineering
• . . aims to widen the theoretical horizons of

engineers working in the fields of radio and
acoustics ....
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KORRE LA'IIONSE LE KTRONI K. GRUNDLAGEN

UNDANWENDUNG DER KORRELATIONS-

ANALYSE IN DER MODERNEN NACHRICH-

TEN-, MeB- UND REGELUNGSTECHNIK:

(2 Aufl.) (Correlation Electronics. Funda-

mentals and Applications of the Correlation

Analysis in Modern Communications and in

Control Technique. Second Edition)• (In

German)

F.H. Lange, Berlin, Verlag Technik, 1962,

381 p.

PROCESSING OF RANDOMLY FLUCTUATING

DATA BY ANALOG ANALYSIS METHODS

C.H.v.d. Linden. National Aero-and Astro-

nautical Research Inst. Amsterdam

(Netherlands), Mar. 1962, 70p. 28 refs.,
N63-21255.

• . . A number of analog data reduction

possibilities for random type signals are re-

viewed with respect to the determination of

amplitude probability distributions, power

spectrum and cross power spectrum. A num-

ber of computation schemes and equipment

required are discussed. Error sources and

accuracy aspects are considered in some detail.

A TECHNIQUE FOR TItE DIRECT ANALYSIS
OF ALTERNATING ELECTRICAL SIGNALS

INTO THEIR RESOLVED COMPONENTS

P.G. Pugh, National Physical Lab., Great

Britain, 2 July 1962, 15po 4 refs.. NPL AERO
rept. 1026, AD401507.

• . . using devices based on operational

amplifiers . . . The technique enables the in-

herently high sensitivity of vector addition

phase measurements, to changes in phase angle

at 0 and i80, to be exploited at nil phase angles•

. . . sources of error and their practical mini-

mization.., prototype instrument.., dis-

tortion has a very small effect on the range of

phase angles (6 to 78 in the first quadrant) for

which an accuracy of 1% in both components
is obtained.

BANDWIDTH AND SPECTRA OF PHASE-

AND-FREQUENCY-MODULATED WAVES

N. Abramson, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 407/414,
i4 refs.

The spectrum of a sinusoid, angle-modulated

by a stationary Gaussian random process (GRP)

of almost arbitrary spectrum, is investigated•

ASYMPTOTIC BEItAVIOR OF TItE SPECTRA

OF RF PULSES WITIt LINEAR FRE-

QUENCY MODULATION

S.L. Borison, et al.. Lincoln Lab. , Mass.

Inst. of Tech., Lexington, 9 Oct. 1963,

29 p., refs., Rept. 41G-5, AD 421 872.

• . . It is specifically shown that at fre-

quencies (measured from the carrier frequency)

much larger than the maximum FM deviation

the effect of the FM is small. In particular,

at a frequency 50 me higher than the carrier

frequency, the envelope of the spectrum of a

10/.t see rectangular pulse with 10-me FM

deviation is less than 1 [, above the envelope of

the spectrum of a pulse with no FM. The

spectrum of a cosine pulse with these same

characteristics is increased by less than 3 [.

COMPARISON OF POWER SPECTRAL DENSITY

TECtlNIQUES AS APPLIED TO DIGITALIZED
DATA RECORDS OF NONSTATIONARY

PROCESSES, PART I.

G.W. Evans, II, et al. , Stanford Research

Inst., Menlo Park, Calif., Sept. 1963,

141 p., Technical rept. no. 14.

• . . discussion of harmonic analysis,

power spectral analysis, stationary and non-

stationary stochastic processes, and a des-

cription of twenty-seven techniques for power

spectral density (PSD) analysis .... Part II

of this report . . . uses the preferred teeh-

nique to analyze actual data from recordings of
radar baekseatter from missiles.

"FILE POWER SPECTRUM PRODUCED BY ]'HE

LINEAR MIXING OF SIGNALS FREQUENCY
MODULATED BY GAUSSIAN NOISE

L.M. Tozzi, [larry Diamond Labs., Washington,

D.C., 15 Nov. 1962, 26p. Rept. no. TR-
1093, AD 298 088.

SPEKTRAL'NYE I FAXOCHASTOTNYE

KHARAKTERISTIKI IMPUL'SNYKH

NULEVYKtt BIENII DLIA ODNOGO

CHASTNOGO SLUCHAIA (Spectral and

Phase-Frequency Characteristics of

Pulsed Zero Beat for a Special Case)

(In Russian)

A.A. Abramian, et al., Radiotekhnika i Elek-

tronika, vol. 9, Feb. 1964, p. 219/233,
A64-I7126.

ESTIMATION OF POWER SPECTRAL DENSITY

BY FI LTERS

E.J. Gauss, Association for Computing

Machinery, Journal, vol. 11, Jan. 1964,

p. 98/103., 8 refs. , A64-14416.

Presentation of an algorithm which differs

from previous methods by being more adaptable

for searching over wide frequency ranges and

which permits the estimation of spectral density

as a function of time as well as of frequency

• . . is based on the analogy between a broadly

tuned filter and a truncated cross eorreIation.

• . . to compare . . . this algorithm with that of

Blackman and Tukey .... it was found that the

two algorithms are on the same order of ef-

fieiency for record lengths of 103 to 104 samples.
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Forlongerrecordsthefilter algorithmwas
favored,whileforshorterrecordsit was
disfavored.

A PROGRAMFORTHEDETERMINATIONOF
THEAUTOCORRELATIONFUNCTIONAND
POWERSPECTRUMONTHEIBM650
TAPE-RAMACCOMPUTERSYSTEM

R.S.Huntzinger,AeronauticalComputerLab.,
NavalAirDevelopmentCenter,Johnsville,
Pa., 26March1964,42p.

. . . computingtheauto-correlation,or more
preciselytheautoeovariance,functionforaset
ofrawdatacomprisingastationarytimeseries
and.onthebasisofthesecomputations,de-
terminingthepowerspectrum.Thestorage
capabilitiesoftheIBM650tapeRAMACsys-
temhavemadethisprogramusefulforthe
analysisoflargequantitiesofdatafroma
varietyofsources....
(NoTitle)
W.E.Morrow,Jr. , etal., LincolnLab.,

Mass.Inst.ofTech.,Lexington.16July
1963,18p.,Rept.no.36G4,AD413786.

A newtechniqueis describedwhichallowsthe
Fouriertransformationofasignaltobetakenin
realtime. Thistechniquemakesuseofsignals
andnetworkshavinglinearfrequencymodulation
properties.Itssalientfeaturesarethattheband-
widthofthesignalbeingtransformedis in-
creasedbynomorethanafactoroftwoduring
processingandthatboththerealandimaginary
partsoftheFouriertransformareobtained.
Anexperimentaldemonstrationofthemethod
is included•

FREQUENCY-MODULATEDSIGNALSAND
THEIRPOWERSPECTRA

G.H.Nitta,NavalOrdnanceLab.,Corona,
Calif.Feb.1964.139p.NOLCTM74208
AD436407•
. . . acondensationandinterpretationof

mathematicalanalysesthatrelatetofrequency-
modulatedsignals,theirspectra,andtheeffect
ofpassingsuchsignalsthroughlinearfilters
• . . involvealmost-periodicandaperiodic
signals.Formulasarealsogivenwhichshow
theeffectsofprocessingfrequency-modulated
signalsthroughrectangmlar,RC,andGaus-
sian-shapedlow-passfilter, andGaussian
passbandandlinearnarrowbandfilters•

ONSTATISTICALSPECTRALANALYSIS
E. Parzen,AppliedMathematicsandStatistics

Labs.,StanfordU., Calif.,6June1963.
47p.,Teehniealrept.no.49,AD411i31.

NOTESONFOURIERANALYSISAND
SPECTIIALWINDOWS

E. Parzen,AppliedMathematicsandSta-
tisticsI,abs.,StanfordU., Calif.,
15May63,61p.,TR48,AD404890.

SPECIALDENSITYDISTRIBUTIONSOF
SIGNALSFORBINARYDATATRANS-
MISSION

H.J. Pushman,J. Brit. Instn.Radio
Engrs•,vol.25,no.2, Feb.1963,
p. 155/165.

• . . Whereinformationratesareoftheorder
ofmagnitudeofthebandwidthavailable,thepar-
titularwaveformsusedbecomesignificantwith
regardtothebandwidthutilizationofthelink.
Ontheassumptionthatall messagesareequally
likely,it wouldappearreasonabletousethe
averagespectraldensitydistributionofarandom
messageasonebasisforformulatingtheband-
widthrequirementofaparticulartransmission
system.

In thispaper,ageneralmethodofdetermin-
ingtheaveragespectraldensitydistribution
directlyin thefrequencydomainis developed.

PRACTICALEXPERIENCEWITtIPOWER
SPECTRALMETttODSONA SMALL
DIGITALCOMPUTER

F. SnoodijkandJ• Yff. RoyalNetherlandsAir-
craftFactoriesFokker,Amsterdam,(Pre-
sentedtotheIntern.Symp.onAnalogueand
DigitalTeeh.Appl.toAeron.Liege,Sept.
9th-12th,1963),1963,14p., refs.,
N64-10214.
• • . applyingpowerspectralmethods. . .

whenonlyasmalldigitalcomputeris available
. . . frequencyresponsefunctions. . . by
firstlycalculatingtheresponsetoastepfunc-
tioninputandfinallyapplyingtheFouriertrans-
formtotheseresponses. . . accuracyofthe
numericalintegrationmethod. . .

A NEWAPPROACHTO"FILE SPECTRUM

ANALYSIS OF NON-STATIONARY SIGNALS

W.W. Wierwille, (IEEE Winter General

Meeting, New York, N.Y., Jan. 27-Feb. 1,

1963, Paper 63-63.), IEEE Trans. onAppli-

cations and Industry, Nov. 1963, p. 322/

327, 26 refs., A64-12332.
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• . . allows proper spectral measurements of

time-nonstationary siglmls. The power spec-
trum is defined on the basis of ensemble aver-

ages and therefore contains a time variation

when the signals are nonstationary. It is shown

that a spectrum analyzer can be designmd which

measures these time-varying spectra in a nearly

optimum manner . . .

"FILE AUTOCORI/EIzkTION FUNCTION OF TIlE

OUTPU'F OF A NONIJNEAR ANGLE

MODU IAk TOH

P. lI. Wittke, IEEE Trans. Inform. Th., vol.
I"1"-10, no. 1, Jan. 1964, p. 67/72.

The calculation of the autocorrelation function

of the output of a randomly frequency-modulated

oscillator with a nonlinear tuning characteristic



is similar to the calculation of . . . a

functional . . . that has arisen in a number

of other stochastic problems, and so the

techniques which have been applied to these

problems may be used to obtain results for the

nonlinear frequency-modulator . . .

Related Publications:

APPROXIMATION OF AUTOCORRELATION

FUNCTIONS BY A SERIES OF DAMPED

COSINE FUNCTIONS

D.T. Friest, etal., Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p. 709/714.

EXPLICIT FORM OF F.M. DISTORTION

PRODUCTS WITH WHITE-NOISE

MODULATION (Extension and Correction)

R.G. Medhurst, et al., Proc. Instn. Elect.

Engrs. Part C, London, vol. 107, no. 12,

Sept. 1960, p. 367/369.

THE OPTIMUM PASSBAND OF A SPECTRUM

ANALYSER

N.I. Ur'ev, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 10, 1960, p. 92/101.

p. 92/101.

Simple formulae are given which make

it possible to carry out preliminary practical

calculations in the design of an analyzer. The

formulae establish the relationship between

the fundamental design parameters of an

analyser, i.e., the speed of analysis, and

the static and dynamic passbands . • .

THEORY OF A FREQUENCY-SYNTHESIZING
NETWORK

B.M. Wojciechowski, Bell Syst. Tech. J.,

vol. 39, no. 3, May 1960, p. 649/
673.

The theoretical basis for designing fre-

quency-combining and selecting circuits is

developed. By the introduction of "sideband

a!gebr_" and of a frequency symbolic net-

work, the new method offers formal design

procedures in place of intuitive ones.

ELECTRONIC EQUIPMENT INTERFERENCE
CHARACTERISTICS--COMMUNICATION

TYPE

R.N. Bailey, et al., Georgia Inst. of Tech.

Engineering Experiment Station, Atlanta,

Quarterly rept. no. 5, 1 March 1931 May

1962, 31 May 1962, 73 p. incl. illus.
tables, 10 refs• (Rept. no. 19), AD 282 528

• . . spectra of harmonics of modulated

signals are discussed and illustrated with

photographs . . . It is concluded that the

spectrum . . . is influenced greatly by

transmitter tuning. Errors in the measure-

ment of spurious and harmonic emissions are

discussed and methods are given for data

verification and preclusion of errors . • .

1.210

A METHOD OF MEASUREMENT AND

DISPLAY OF PROBABILITY FUNCTIONS

OF ERGODIC RANDOM PROCESSES BY

ORTHOGONAL SERIES SYNTHESIS

(Correspondence)

A.A. Wolf, et al., Proc. IRE, vol. 50, no. 12,

Dec. 1962, p. 2503/2504.

A PRODUCT THEOREM FOR HILBERT

TRANSFORMS

E. Bedrosian, IEEE Proceedings, vol. 51,

May 1963, p. 868/869, 10 refs.

• . . a simple means of handling products of

functions for extending tables of Hilbert trans-

forms. The theorem states that the Hilbert

transform of the product of a low-pass and a

high-pass signal with nonoverlapping spectra is

given by the product of the low-pass signal and

the Hilbert transform of the high-pass signal.

SPECTRAL DENSITY AND AUTOCORRELA-

TION FUNCTIONS ASSOCIATED WITH

BINARY FREQUENCY-SHIFT KEYING

W.R. Bennett, et al., Bell Syst. Tech. Journal,

vol. 42, no. 5, Sept. 1963, p. 2355/2385.

POWER SPECTRAL DENSITY ESTIMATION

WITH A COHERENT MEMORY FILTER

(Correspondence)

J. Capon, IEE Trans. Circuit Theory, vol. CT-10,

no. 3, Sept. 1963, p. 461/462.

. . . The coherent memory filter (CMF) is
an active time variable network which provides

a means for measuring the spectrum of a signal
in real time and with fine resolution. This

device can, therefore, be used as a replacement

for a bank of filters to estimate the power spec-

trum of a stationary random process . . .

CORRELATION FUNCTIONS FOR THE

RANDOM BINARY WAVE

(Correspondence)

P.W. Cooper, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 496/497.

This note presents expressions for the auto-

correlation function, its Hilbert Transform, and

the associated "envelope" and "phase" functions

for the band-limited random binary wave. In-

terest in these functions could arise, for example,

in analysis of the "envelope" of a signal and in

correlation detection of a single sideband wave-

form . . .

ELECTRON TUBE RESEARCH

N. De Claris, et al., Cornell U., School of

Electrical Engineering, Ithaca, N. _-., Nov.

1963, 73p., Progress rept. no. 4. AD 434

849.

The expansion of autocorrelation functions of

stationary time-processes in a series of ortho-

gonal functions is discussed together with the

realization of an autocorrelator as a novel

57



1.221

applicationofthelinkstructure.... A Fourier
analysisforambiguityfunctionsisdevelopedwhich
includesaderivationoftheFouriertransformof
anambiguityfunction.
INSTANTANEOUSSPECTRAANDAMBIGUITY

FUNCTIONS(Correspondence)
M.J. Levin,IEEETrans.Inform.Th.,

vol.IT-10,no.1,Jan.1964,p.95/97.
A formulationofthe"instantaneousspec-

trum"ofawaveformis describedwhithis
amodificationofthatoriginallyconsidered
byPageandextendedbyTurner.It is shown
thatthisfunctionis thedoubleFouriertrans-
formofthecomplex-conjugmteoftheambiguity
functionandhasotherinterestingproperties. . .
AN EXPERIMENTAL CORREIATION

ANAI,YZER FOR MEASURING SYSTEM

DYNAMICS

C.W. Ross, et al., IEEE Trans. Commun.

Electronics, no. 68, Sept. 1963, p. 554/
562, 16 refs.

• . • This paper describes an experimental

analyzer which utilizes a modified form of

the sine-wave correlation principle to mea-

sure the dynamic characteristics of systems
including industrial processes and instruments.

Section 1.22

Amplitude Modulation

1.221:

DATA TRANSMISSION INVESTIGATION

R.F. Salava, Quarterly progress rept. no• 3,

11 Mar. 1963-10 June 1963, 10 June 1963,

38p; rept. no. 7, AD 417 754.

Photographs of the frequency spectra gener-

ated by each modem at the various bit rates are

presented and used to discuss the relative

bandwidth requirements of the modems.

A DIGITAL SPECTRAL ANALYSIS TECH-

NIQUE AND ITS APPLICATION TO

RADIO ASTRONOMY

S. Weinreb, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge 30 Aug.

1963, 119p. Technical rept. no. 412, AD418

413, N63-22274.

Doctoral thesis . . . for the measurement of

the autocorrelation function and power spectrum of

Gaussian random signals . . . greatly reduces

the amount of digital processing that is required.

A review of the measurement of power spectra

through the autocorrelation function method is

given. The one-bit technique of computing the

autocorrelation function is presented . . .

Envelope Modulation in General

Included: Common problems of all kinds of amplitude modulation; Sideband intermediate frequency

radio communications system; Envelope processes of modulated wavcforms; Peak to average power

ratios of envelope modulated waveforms.

Not Includcd: Synchronous dctcction: Thcory of power law detectors (2); Modulation circuits;
Frequency diversity systems (2).

Cross References: Double sideband modulation (1. 222); Single sideband modulation (1. 223);

Vestigial sideband modulation (1. 224); Combined amplitude and phase modulation (1. 228)•

Principal Publications:

ENVELOPES AND PRE-ENVELOPES

OF REAL WAVEFORMS

J. Dugundji, IRE Trans, Inform• Th.

vol. IT-4, no. 1, March 1958, p. 53/57.

• . . Rice's formula is very cumbersome

• . . Different formula . . . easier to handle

analytically.

BEEINFLUSSUNG EINES NACHRICtITEN-

BANI)ES BEI AMI)LITUDENMODULATION

DURCII UNSYMMETRISCIIE IIOCIt-

FREQUENZKIREISE (Effects on the

Spectral Distribution of Amplitude

Modulated Siglmls by Unsymmetrical

I1F Circuits) (In German)

R. llofer, Entwicklungs-Berichte Gcb.

Fernseht. vol. 21, Dec. 1!)58,

p. 288/300.

()VI';I{MO1)UIJ\TION ()F A CAI{I{IEI{ BY

SINE WAVE AND GAUSSlAN N()ISE

I).R. l{othschild, Prec. Nat. Electronics

Conf., vol. 14, Oct. 1958, I). 724/735.
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This paper discusses all degrees of

amplitude modulation of a carrier by sine

wave and Gaussian noise. The analysis
is based on fornmlation of a basic model

of an AM transmitter and an idealized

modulation characteristic. Apl)ropriate

parameters are defined to characterize

the degree of modulation, including over-

modulation. The increase hi r-f power
due to modulation is calculated and is

shown to approach 3 decibels for complete

over-modulation, for which modulation by a
square wave is the limiting case ....

A Carrier siglml is amplitude-modulated
by a sensing device such that its rms

amplitude changes in direct proportion to the

magnitude of the sensed variable. If the

polarity of the variable reverses, the phase

of the carrier signal changes by lgt) degrees

as the signal amplitude passes through zero.

The time derivative will I)e similar, differ-

cntiation is taking place when amplitude

increases in direct proportion with frequency.



IMAGINARYAXISTRANSLATIONOF
TRANSFERFUNCTIONS

J. L. Ryerson,IRENat.Cony.Rec.,
March1958,p. 236/245.

COMBINEDAMANDPMFORA ONE-
SIDEDSPECTRUM(Correspondence)

N. Chakrabarti,Proc.IRE,vol47,Sept.
1959,p. 1663.

POISSON,SHANNON,ANDTHERADIO
AMATEUR

J.P. Costas,Proc.IRE,vol.47,Dec.1959,
p. 2058/2059.
• . . therelativemeritsof . . . SSBand

DSB.... in spiteofthebandwidtheconomyof
SSBthissystemcanclaimnoover-all
advantagewithrespecttoDSBforthisservice.
• . . definiteadvantagestotheuseofvery

broadband techniques in the amateur service.

• . . significant work of Shannon is reviewed
• . . this famous formula .... cannot be used

meaningffully in the analysis and design of

practical, present day communications systems.

A more suitable channel capacity formula is
derived for the practical case•

COMPARISON TESTING OF MODULATION

MODES FOR HIGH-FREQUENCY GROUND-

TO-AIR VOICE COMMUNICATIONS

D.E. LeBrun, et al., May, 1959, 15 p.,

USAF RADC TR59-55,AD 213 785.

Test results providing a comparison between

(1) single sideband suppressed carrier (SSBSC);

(2) double sideband amplitude modulated

(DSB-AM); (3) double sideband suppressed

carrier (DSBSC); and (4) pilot carrier or

synchronous single sideband (SSSB).

CRITICAL ANALYSIS OF SOME COMMU-

NICATIONS SYSTEMS DERIVED FROM

AMPLITUDE MODULATION

W.D. Nupp, Proc. IRE, vol. 47, May 1959,
p. 697/704.

WIDE-BAND CARRIER COMMUNICATIONS.

VOL I. AMPLITUDE MODULATION.

J. J. Spilker, Jr. Lockheed Aircraft Corp.,

Sunnyvale, Calif., Rept. no. LMSD-

704011, vol. 1, AD 253 281.

• . . Wide bandwidth carriers are defined

as time functions with unmodulated bandwidths

much wider than that of the intelligence to be

transmitted. Both predictable and random

carriers are considered in some detail.

Optimum demodulation (Bayes estimation) is

compared with other forms of demodulation

on the basis of output signal-to-noise ratios.

Special forms of wide-band carriers are shown

to have a bandwidth utilization equal to that

of single-sideband sine wave carrier systems.

SECOND-ORDER PROPERTIES OF THE

PRE-ENVELOPE AND ENVELOPE

PROCESS (Correspondence)

M. Zakai, IRE Trans. Inform. Th.,

vol. IT-6, no. 5, Dec. 1960, p. 556/557.
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ENVELOPE MODULATION

J.M. Dixon, Proc. IRE, Australia, vol. 22,

no. 8, Aug. 1961, p. 481/486.

A study of envelope modulation by signal

synthesis reveals three minimum bandwidth

solutions to the generation of wave modulation

with no appreciable distortion. In each case

three signals are required for distortion free

sine wave modulation. One solution corresponds

to double-sideband transmission while the other

two correspond to single-sideband transmission.

Signals produced in the Kahn compatible

single-sideband system are calculated and the

system performance evaluated according to

the developed criterion.

THE SIDEBAND INTERMEDIATE FRE-

QUENCY RADIO COMMUNICATIONS
SYSTEM

C.M. Hyde, IRE Trans. Commun.

System, vol. CS-9, no. 3, Sept. 1961,
p. 232/238.

• . . eliminates oscillator-frequency drift

problems by incorporating an amplitude

modulated transmitter modulated by an

oscillator tuned to have the intermediate fre-

quency of the receiver. The use of a balance

modulator eliminates the carrier and allows

energy at the two sideband frequencies to be

propagated to a receiver. In the receiver these

two sidebands are beat against each other

to produce the IF signal. No receiver local

oscillator is required.

Only one high-frequency oscillator, the

transmitter carrier oscillator, is used in the

entire system . . . a bandwidth of twice that of

a regular communications system is required

in most cases...

VOICE MODULATED SSB & DSB PEAK TO

AVERAGE ENVELOPE POWER RATIOS

J. Do Griffits, IRE Intern. Cony. Rec.,

vol 8, March 1961, p. 85/101.

A SURVEY OF SINGLE-SIDEBAND AND

ASSOCIATED TECHNIQUES FOR VOICE

COMMUNICATION

A.L° Rock, et al., Research Inst., U. of

Michigan, Ann Arbor, Jan. 1961, 103 p.,

(Tech. rept. 117; 3899-42-T), AD 257 017.

• . . synchronous communication, compatible

single-side-band, exalted carrier reception, etc.

were included to make the report more com-

prehensive and to emphasize the importance of

these alternative techniques for radio-telephone

comnmnications . . . advantages of savings in

power and spectrum, improved propagation, and

other features are weighed against increases in

cost and complexity of equipment . . . Various

methods of signal generation and reception are

illustrated . . . power comparison between

single-sideband and conventional amplitude and
double-sideband modulations is discussed at

some length . . . Finally, the effects of noise
and interference in some of the basic receivers

are analysed.
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Related Publications:

TRANSIENT CROSS MODULATION IN THE

DETECTION OF ASYMMETRIC SIDEBAND

SIGNALS

T. Murakami, et al., RCA Rev•, vol. 20, no. 3,

Sept. 1959, p. 455/472•

AM RADAR

O.K. Nilssen, et al., East Coast Conf. Aerosp.

Navig. Electronics, vol. 8, Oct. 1961, p. 1/6.

AMPLITUDE MODULATED CW RADAR

O.K. Nilssen, et al., IRE Trans. Aerospace

Navig. Electronics, vol. ANE-9, no. 4, Dec.

1962, p. 250/254.

. • . Sigmificant features of this AM radar

system are simplicity and capability of

accurately measuring very short ranges• For

instance, an experimental unit ranges from
zero to 50 feet with maximum error of six

inches . . .

COHERENT AND NON-COHERENT DEMOD-

U LATION OF ENVE LOPE-MODULATED

1.222:

RADIO SIGNALS WITH PARTICULAR

REFERENCE TO THE ENCHANCED-

CARRIER SYSTEM

P.V. Indiresan, et al., Radio Electronic Engr•

(GB), vol. 25, no. 1, Jan. 1963, p. 65/72•

The ordinary "linear detector" and the
coherent demodulator are briefly discussed

. • . The synchrodyne and enhanced-carrier

systems are regarded as intermediate cases

in which the switching is effected by an impure

carrier derived from the incoming signal•

The enhanced - carrier system, using filters

to extract the carrier from the incoming

signal, appears to have received little
attention in tile literature . . .

MEAN-SQUARE ERROR IN CORRELATION

DEMODULATORS (In German)

B. F° Ludovici, Arch. Elekt• Uebertrag_ng,

vol. 17, June 1963, p. 278/288.

. • • shows that the autoeorrelation

demodulator offers no sigllificant improvement

over the simple square law demodulator ....

Double Sideband Modulation

Included: DSB - modulation; Suppressed carrier double sideband amplitude modulation; CO -

modulation; Complementary orthogonal modulation; Phase quadrature modulation; Standard amplitude
moduiation.

Not Included: Synchronous detectors; llomod3_m detection system.

Cross References: Comparison SSB vs. DSB (1.223); Asymmetric sideband modulation (1.224);

Double sideband data transmission systems (1. 322); Co-modulation in teletype systems (l. 3S2).

Principal Publications:

DOUBLE-SIDEBAND SUPPRESSED-CARRIER

MULTIPLEX EQUIPMENT FOIl CABLE
AND MICROWAVE APPLICATION

W.S. Chaskin, et al. , IRE Trans. Commun. Syst. ,
vol. CS-7, no. 2, June 1959, p. 92/94.

POISSON, SttANNON, AND TttE RADIO
AMATEUR

J.P. Costas, Proc. IRE, vol. 47, Dec. 1959,

p. 2058/2059.

• . . the relative merits of . . . SSB and

DSB ....

THE RECEPTION OF DOUBLE-BAND AM

SIGNAIN \VITIt SUPPRESSED CARRIER

V.N. Arzumanov, et al., Radio Engmg:

Transl. of Radiotekhnika vol. 15,

no. 11, 1960, p. 70/78.

• . . A study is made of a system of

synchronization for local oscillators in the

reception of speech sigllals. The effect on

reception of certain types of interference is

investigated. Experimental results are
given ....

AN EVAI_UATIt)N OF AM DATA SYSTEM

PI']IIFOIIMANCE BY COMPUTI_II

SIMULATION

R.A. Gibby, BellSyst. Tech. J., vol. 39,

no. 3, May 1960, p. 675/704.

• . . suitable for programming on a high-

speed digital computer. These equations

eont, Mn expressions that specify in general

terms the transmission-frequency eharae-
teristies of a transmission medium. A data

signal composed of a train of raised-cosine

shaped pulses is generated in the stimulating

process .... performance of a double-side-
band AM data system is evaluated from meas-

urements of the maximum vertical opening, or

aperture, of the eye pattern formed by the re-

eeived signal• This aperture is related to the

system performance in terms of signaI-to-noise
ratio and error rate of the system.

CO-MODULATION, A NEW METttOD FOR
ttIGIt-SPEED DATA TI_\NSMISSION

F. de Jager, et al., IRE Trans. Inform• Th.,

(Intern. Symp. Brussels I962), vol. IT-8,

no. 5, Sept. 1962, p. 285/290.

• . . primary objective is to increase the

speed of transmission in a given bandwidth.

• . . lower frequencies . • . are suppressed

. . . using two carrier-voltages differing 90 ° in

phase .... pilot signal . . . for phase-refer-

ence .... The name CO-modulation stmlds for

corn )Ie mentary orthogonal modulation ....

ON TIIE NOISE IMMUNITY OF SINGLE AND

DOUBLE SIDEBANI) COMMUNICATION

SYSTEMS

60
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I.A. Tsikin,RadioEngng:Transl. of

Radiotekhnika, vol. 17, no. 4, April 1962,

p. 1/10.

The signal-to-noise ratio in reception of

single sideband (SSB) and double sideband (DSB)

signals with supressed carrier is analyzed.

. . . values are found for mean-square error in

reproducing the signals at the output of SSB and

DSB receiving systems ....

Related Publications

COMPARISON TESTING OF MODULATION

MODES FOR HIGH-FREQUENCY GROUND-
TO-AIR VOICE COMMUNICATIONS

D. E• LeBrun, et al., Rome Air Development

Center, Griffiss Air Force Base, N.Y.,

May 1959, 15 p., (Rept. no. RADC TR-59-

55), AD 213 785.

Tests are described which were conducted

to obtain a practical comparison between (1)

single sideband suppressed carrier (SSBSC);

(2) double sideband amplitude modulated (DSB-
AM); (3) double sideband suppressed carrier

{DSBSC); and (4) pilot carrier or synchronous

single sideband (SSSB). These tests were

conducted over a period of one year. Data

were gathered by means of sequentially

transmitting phonetically-balanced (PB) word

lists via the various modes, and analyzing

the recorded results for intelligibility. The

transmissions were between Rome, New York,
and a C-131 aircraft which was flown exten-

sively in the United States and the West Indies.

• . . Results obtained were significantly in favor
of the SSBSC.

A SYNCHRONOUS COMMUNICATIONS

RECEIVER FOR THE MILITARY UHF

BAND

R.H. Wood, et al., IRE Trans. Commun. Syst.,

vol. CS-1, no. 2, June 1959, p. 129/133.

• . . for double-sideband suppressed carrier

signals in the 225-mc to 400-mc band . . .

1.223: Single Sideband Modulation

Included: Compatible single sideband system; Square-law single sideband system; Quadratic single

sideband system; Kahn's single sideband system; Third method of single sideband modulation;

Synchronous single sideband systems; Birdcall system.

Not Included: TICOSS - time compressed single sideband system (2); Optical single sideband

modulation (3B); Rectifier modulators for SSB; SSB modulators; SSB demodulators; Phase
shifters for SSB modulators.

Cross References: Independent sideband system in teletype (ISB) (1.382); Asymmetrical sideband

modulation (1. 224).

Principal Publications

STUDY OF JAMMING EFFECTS OF SINGLE

SIDEBAND COMMUNICATIONS SYSTEMS

N. Balabanian, et al., Syracuse U.

Reasearch Inst., vol. 1, July 1958.

A WORLD-WIDE HIGH FREQUENCY SINGLE

SIDEBAND RADIO NETWORK

E. Bray, IRE Nat. Conv. Rec., vol. 6,

March 1958, p. 245/253.

A MATHEMATICAL ANALYSIS OF THE

KAHN COMPATIBLE SINGLE-SIDEBAND

SYSTEM

J.P. Costas, Proc. IRE, vol. 46, July 1958,

p. 1396/1401.

A COMPATIBLE SINGLE-SIDEBAND

MODULATION SYSTEM

L. Ro Kahn, Proc. Radio Club America,

vol. 34, March 1958, p. 3/9.

COMMENT ON A MATHEMATICAL

ANALYSIS OF THE KAHN COMPATIBLE

SINGLE-SIDEBAND SYSTEM

L.R. Kahn, Proc. IRE, vol. 46, July

1958, p. 1429/1430.

61

THE GENERATION OF SINGLE SIDEBAND

CARRIER TELEPHONE CHANNELS BY

POLYPHASE MODULATION

J.R. Mensch, IRE Nat. Cony. Rec., vol. 6

March 1958, p. 305/313.

SINGLE-SIDEBAND MODULATION

B. Rassadin, Radio, Moskow, June 1958,

p. 25/27.

• . . Description of a system operating at

the range of 7.0-7.1 inc.

ANALYSIS OF SSB POWER AMPLIFIERS

F. Assadourian, IRE Trans. Commun. Syst.,

vol. CS-7, no. 1, May 1959, p. 53/57.

THE "THIRD METHOD"

J.F. Aspinwell, Wireless World, Jan 1959,

p. 39/43

• . . principles in the three types of single

sideband operations .... filter.., outphasing

method and duplicated filter circuit method.
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SS-FM:A FREQUENCYDIVISIONTELE-
MENTARYSYSTEMWITHHIGHDATA
CAPACITY

W.O. Frost, et al., Nat. Syrup. Space

Electronics Telem., pt. 7•2, Sept. 1959,

p. 1/14.

• . . results of a theoretical study . . .

preliminary desig_ . . . single sideband
AM subcarriers on an FM carrier . . . An

analytical comparison with FM-FM is made

of the S/N performance of a 15 channel SS-

FM system ....

ODNOPO LOSNAIA MODU LIATSIIAS

POMOSltCII'I U FAZOVYAKH SKItEM

(Sine Band Modulation by Means of

Phase Systems) (In Russian)

B.B. Shtein and N.A. Cherniak, Moscow,

Sviazizdat, 1959, 164 p.

This book is devoted to an analysis of

a number of methods of forming a single

band signlal using phase-shifting systems.

A study is made of the main possibilities

of producing one side band together with

a quantitative evaluation of the suppression

of the second side band. The theory of

wide band phase-shifting devices based on

RC and LC is given in detail together with

practical methods of calculation. The book

contains considerable experimental data

useful for dcsigl_ing phase systems ....

NORTH ATLANTIC S.S.B. TRIALS IN

B.O.A.C. AIRCRAFT NOVEMBER,

1957-March, 1958

T.E. W3mne, eta[., Royal Aircraft
Establishment, Gt. Brit., March 1959,

26 p. , AD 225 103.

• . . have clearly shown that the intro-
duction of the S. S.B. into civil aircraft could

greatly improve long range communication

efficiency in the ground to air direction.

• . . it failed to prove an equal gain in the
reverse direction . . •

AIR FORCE BUYS NEW RADIO GEAR

Electonics, vol. 32, no. 48, Nov. 1959,
p. 45.

Birdcall systems pass legibility and

reliability tests with flying colors, are now

going into field use.., new synchronous single-

sideband system .... built by Collins ll'ulio.

• , . SUl)pressed-carrier system designed for

voice communications only . . . known . . .

as Birdcall, . . .
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A METHOD OF COMBINING TWO FRE-

QUENCIES (Correspondence)
L.R. Kahn, Proc. IRE, vol. 48, no. 1, Jan.

1960, p. 118/119.

CONSIDERATIONS IN SSB AND ISB SYSTEMS

FOR LONG-DISTANCE RADIOTELEGRAPH

COMMUNICATIONS

W. Lyons, Communication Electronics, no. 46,

Jan. 1960, p. 921/924.

PERFORMANCE OF A 640-MILE, 24-CItANNEL

UtiF - SSB EXPERIMENTAL COMMUNICA-

TION SYSTEM

B.E. Nichols, IRE Trans. Commun. Syst.,

vol. CS-8, no. 1, March 1960, p. 26/33.

PRE-MODULATION AND POST-MODUL,_TION

CLIPPING IN SINGLE SIDEBAND

TRANSMISSION

L.R. Spogen, et al•, Applied Research Lab.,

U. of Arizona, Tucson, Final rept. Dec.

1960, 46 p., AD 264 260•

The transmitted power of a single sideband

(SSB) system is governed by the peak value of

the input siglaal to the final amplifier. Pre-

modulation and t)ost-modulation clipping reduce

the peak-to-average characteristics of this input

sigmal. The benefits are examined of pre-

modulation and post-modulation clipping.

THE COMPUTATION OF SINGLE-SIDE-BAND

PEAK POWER (Correspondence)

W.K. Squires, et al., Proc. IRE, vol. 48,

no. 1, Jan. 1960, p. 123/124.

COMPATIBLE SINGLE SIDEBAND

L.R. Kahn, Proc. IRE, vol. 49, Oct. 1961,

p. 1503/1527.

A SURVI'Y OF SINGLE-SIDEBAND AND

ASSOCIATED TECttNIQUES FOR VOICE
COMMUNICATION

A.L. Rock, ct al., Research Inst., U. of

Michigm_, Ann Arbor, Jan. 1961, 103 p.

(Tcch. rcpt. 117; 3899-42-T), AD 257 017.

• . . compatible single-side-band ....

included . . . advantages of savings in power

and spectrum, improved propagation, and other

features are weighed against increase in cost

and complexity of equipment . . •
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SINGLE-SIDEBANDCOMMUNICATIONS
Proc.IRE,vol.49,no.2, March1961,

p. 632.

The remarks concerning the SAC commu-

cations briefing ("SAC" (Poles and Errors),

Proc. IRE, vol. 48, p. 1373; Augxlst, 1960)

are very disturbing to me as a commu-

cations engineer. They typify . . . that

single-sideband (SSB) modulation techniques

are pre-eminently suited for the majority

of communication systems ....

THE ANALYTIC SIGNAL REPRESENTATION

OF MODULATED WAVEFORMS

E. Bedrosian, Proc. IRE, vol. 50, no. I0,

Oct. 1962, p. 2071/2076.

• . . a rather general and mathematically

convenient formulation of analog-modulated

signals which makes use of the analytic

signal concept. Known types of modulation

are readily identified as special cases ....

a new type of modulation has been discovered -

single sideband frequency modulation

(SSB FM) - which can be derived from a

conventional phase-modulated signal by an

additional amplitude modulation, using the

exponential function of the modulating signals

Hilbert transform. The resulting modulated

signal will have a one-sided spectrum about

the carrier frequency, will be compatible with

existing FM receivers, and will cause a

decrease in signal bandwidth.

COMPATIBLE SINGLE SIDEBAND-

(Correspondence)

L.R. Kahn, Proc. IRE, vol. 50, no. 4,

April 1962, p. 467/468.

HILBERT TRANSFORMS AND MODULATION

THE ORY

F.F. Kuo, et al., Proc. Nat. Elcctronics
Conf., vol. 18, Oct. 1962, p. 51/58.

Hilbert transforms are important in

representing certain modulated signals. In

this tutorial paper we willmplore the use

of Hilbert transforms in the theory of

amplitude modulation, especially single
sideband . . .

A SOLUTION TO PROBLEM OF COMPATIBLE

SINGLE-SIDEBAND TRANSMISSION

B.F. Logan, et al., IRE Trans. Inform. Th.,

(Intern. Syrup. Brussels 1962), vol IT-8,

no. 5, Sept. 1962, p. 252/259.

The problem of compatible single sideband

transmission is given a precise mathematical

formulation. The problem is then recognized

as a combination of two problems, each of

63

which has previously been solved. Iterative

methods are required for the solution of the

second problem ....

ON THE NOISE IMMUNITY OF SINGLE AND

DOUBLE SIDEBAND COMMUNICATION
SYSTEMS

I.A. Tsikin, Radio Engng: Transl. of

Radiotekhnika, vol. 17, no. 4, April 1962,

p. 1/lO.

The signal-to-noise ratio in reception of

single sideband (SSB) and double sideband (DSB)

signals with supressed carrier is analyzed.

• . . values are found for mean-square error in

reproducing the signal at the output of SSB and

DSB receiving systems ....

A METHOD FOR OBTAINING COMPATIBLE

SINGLE-SIDEBAND MODULATION

(Correspondence)

T.J. vanKessel, et al., ProcIRE, vol. 50,

no. 9, Sept. 1962, p. 1998.

Recently Kahn published an article . . .

methods to obtain CSSB modulation . . . rather

complicated . . . seems to be useful to refer to

our article . . . which a new, simpler method is

described. The principle of this method

consists of multiplication of a full-carrier SSB

signal by itself and suppression of all the

frequency components except those around the

double-carrier frequency ....

THE SQUARE-LAW SINGLE-SIDEBAND

SYSTEM

C.A. Von Urff, et al., IRE Trans. Commun.

Syst., vol. CS-10, no. 3, Sept. 1962, p. 257/

zb7.

A new method of generation of a single-side-

band signal has been developed which provides

distortionless reception with a square-law

envelope detector. This performance is

achieved through a new system design rather

than a less subtle method, such as carrier

reinsertion .... the amplitude and phase-

modulation components are generated sep-

arately and have a specific functional relation-

ship with each other. The amplitude-modulation

envelope is the square root of the waveform to

be transmitted and the phase modulation is the

ttilbert transform of the logarithm of the envel-

ope. A signal generated in this manner will

occupy a bandwidth equal to the bandwidth of

the original modulating signal and may be

received without distortion with a square-law

envelope detector ....
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CORRELATIONFUNCTIONSFORTHERANDOM
BINARYWAVE(Correspondence)

P.W.Cooper,IEEETrans.Commun.Syst.,
yol.CS-11,no.4, Dec.1963, p. 496/497.

This note presents expressions for the auto-

correlation function, its Hilbert Transform,

and the associated "envelope" and "phase" func-

tions for the band-limited random binary wave.

Interest in these functions could arise, for ex-

ample, in analysis of the "envelope" of a signal

and in correlation detection of a single sideband

waveform, . . .

ON A PROBLEM IN SINGLE-SIDEBAND

COMMUNICATIONS

J• Dutka, RCA Rev., vol. 24, no. 3, Sept.
1963, p. 391/405.

• . . A problem in the design of a single-
sideband modulation system is considered

which reduces to the determination of the dis-

tribution function of the sum of an infinite

series of independent random variables• An
approximation is obtained in the form of a

distribution of a finite sum of independent

uniform (out not necessarily equidistributed)

random variables which is useful here and for

broader classes of problems. Five-decimal-

place tables of the original distribution function

are computed, and some analytic properties of
the distribution function are obtained.

Related Publications:

TIME-COMPRESSED SINGLE-SIDEBAND

SYSTEM (TICOSS)

M. I. Jacob, etal., IRE Trans. Commun.

Syst., vol CS-6, no. 1, June 1958, p. 2/8.

• . . Tieoss has been proposed that provides

the performance required of mobile multi-

channel short-to-medium-range communication

systems . • . Ticoss handles all transmission

with one transmitter, one receiver, and one

antenna at each station. The sub-channels to

be multiplexed are arranged in sequential time
slots to form a frame.

SPECTRUM ANALYSIS IN AM PLITUDE-

PltASE MODULATION

L• E. Kliagin, Radio Engl_g: Transl. of Radio-

tekhnika, vol. 15, no. S, 1960, p. 96/106.

Exact theoretical formulae are produced which

make it possible to evaluate the spectra produced

in tile Kahn-type transmitter by amplitude-phase
modulation. It is shown that oscillations with

optimum amplitude-phase modulation c:umot bc

produccd and that tile second silk, band call only be

partially suppressed; in this respect, the system
has no advantages over tile q tlad ratu re modul ation

system ....
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NOISE AND FADING ACCUMULATION IN

SINGLE SIDEBAND RADIO COMMUNICA-

TION RELAY STATIONS

V. I. Siforov, et al•, Radio Engng: Transl. of

Radiotekhnika, vol. 16, no. 8, 1961,

p. 1/4.

. . . It is shown that the noise and fading

accumulation process in a single sideband

communication line is similar to the process in

a line employing frequency modulation ....

SINGLE SIDEBAND TRANSPORTABLE

EQUIPMENT

G. N. Wetzel, et al., Collins Radio Co., Dallas,

Tex., Final rept. for 1 April 1961, 15 Oct.

1961, 1 vol., Rept. no. AER 136, RADC

TDR-62-169, AD 400 712.

ACTIVE SINGLE-SIDEBAND PIIASE SttIFTERS

N• Jagoda, Air Force Cambridge Research Labs.,

Bedford, Mass., Research rept. July 1962,

11 p. incl. illus., 7 refs., AFCRL 62-511,
AD 285 005.

A method of realizing audio frequency 90

degrees phase shifters for use in single-sideband
modulators is described ....

BETTER SUPERIfETS FOR SIDEBAND

R E C E PTION

W. Brucne, et al., Electronics, vol. 36,

10, 1963, p. 39/45, A63-16926.

May

• . . single-sidcband (SSB) receivers for im-

proving tIF communications .... sensitivity

• . . the noise factor . . . blocking and cross

modulation... RF amplifier• . . mixing

• . . IF amplifiers . . . automatic gain control
• . . sideband selection... SSBdemodula-

tions ....

TELEMETRY SINGLE SIDEBAND, AMPLITUDE

MODULATION, ALL SOLID STATE, S BAND
RECEIVER DESIGN AND DEVELOPMENT
PROGRAM

F. Carroll, Sylvania Electric Products, Inc.,

Buffalo, N.Y., Final rept. June 1963, 129 p.,

ASI) TDR63 472, AD 417 035.

. . . all solid state, single sideband micro-

wave (2.15 - 2.35 gc) receiver . . . synchronous

detection r-f carrier tracking filter type of opera-

tion and crystal switching for channel selection..

AN ANALYSIS OF PCM TRANSMISSION VIA

SINGLE SIDEBAND

R. Gardner, et al., RCA l)efense Electronic

Products, New York, 1 May 1963, 191p.,
AI) 406 71)0.

• . . to determine the relative merits of

single-sideband transmission as against FM

transmission of multichannel (e.g. 12-channel)

I)CM sig_mls . . .
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DIRECT WIDE-BAND PHASE SI_FTERS

P. V. Indiresan, J. Brit. Instn. Radio Engrs.,

vol. 26, no. 3, Sept. 1963, p. 227/229.

Two functions which differ only in phase and

that by 90 deg. are related to each other by the

Hilbert transform and to derive one from the

other it is necessary to know the values of the

input function at all times, past as well as

future, right up to infinity. However, the ampli-

tude error will be less than + 1 db if the input

values are considered up to a time duration

equal to the period of the lowest frequency

component in the signal .... A direct wide-

band phase shifting circuit which utilizes these

ideas to give an arbitrarily small error in

phase and an amplitude response constant to

within + I db. over a 14:1 range of frequencies,
is described ....

1.224: Vestigal Sideband Modulation

Included: Asymmetrical sideband modulation; Asymmetrical sideband PPM system.

Not Included: Television transmission equipment.

Cross References: Vestigial sideband data transmission systems (1. 324); Distortions in vestigial
sideband systems (1. 624).

Principal Publications:

VERZERRUNGEN BEI RESTSEITENBANDUBER-

TRAGUNG (Distortions in Vestigal Sideband

Transmission) (In German)
N. Berger, Hochfrequenztech. Elekt. Akust., vol.

66, May 1958, p. 189.

DETECTION OF ASYMMETRIC SIDEBAND

SIGNALS IN THE PRESENCE OF NOISE

T. Murakami, et al., RCA Rev., vol. 19, no. 3,

Sept. 1958, p. 388/417, 19 refs.

The first part of this paper analyzes three

methods of detection of signals contaminated by
fluctuation noise:

(1) Linear Envelope Detectors

(2) Product Detectors

(3) Exalted Carrier Detectors

A new ratio, the "video-to-noise-error ratio"

is proposed for a more adequate quantitative

evaluation of detector performance .... The

second part of this paper analyzes the effects of

impulse noise on the detection of asymmetric

sideband signals, It is shown that product

detectors eliminate the rectification of the noise

envelope found in envelope detectors. This is

of particular interest in asymmetric sideband

systems where the noise output will be at rela-

tively high frequencies. These can often be

separated from lower frequency signals, making

possible efficient impulse noise suppression.

ANALYSIS OF DIODE-DETECTOR CIRCUITS

FOR SIGNALS WITH ASYMMETRICAL

SIDEBANDS

A. van Weel, Philips Res. Rept., vol. 13,

Aug. 1958, p. 301/326.

THE USE OF VESTIGIAL SIDEBANDS IN HIGH-

SPEED DATA TRANSMISSION

Lenkurt Demodulator, vol. 7, Aug. 1958,

p. 1/6.

EFFECTS OF FREQUENCY CUTOFF CHAR-
ACTERISTICS ON SPIKING AND RINGING

OF TV SIGNALS

A. D. Fowler, etal., IRE Trans. Commun.

Syst., vol. CS-7, no. 3, Sept. 1959,

p. 173/179.

The spiking and ringing of TV signals depend

upon amplitude and delay characteristics

associated with frequency cutoff of transmission.

The effects of a variety of cutoff characteristics

of both ideal and practical systems on rectangu-

lar and sine-squared pulses are illustrated by

computed waveforms ....

TRANSIENT CROSS MODULATION IN THE

DETECTION OF ASYMMETRIC SIDEBAND

SIGNALS

T. Murakami, et al., RCA Rev., vol. 20, no. 3,

Sept. 1959, p. 455/472.

A detailed analytical study . . . Various signal

conditions and detection methods are considered.

The transient crosstalk in both an idealized

system and in a practical system is determined.

Calculations show that the peak amplitude of the

transient cross modulation can be many times as

large as the steady-state cross modulation. It

is shown that product or synchronous detectors

can eliminate the effects of cross modulation ....

A QUADRATURE NETWORK FOR GENERATING
VESTIGIA L-SIDEBAND SIGNALS

G. G. Gouriet, et al., Proe. Instn. Elect. Engrs.,

Part B, London, vol. 107, no. 33, May 1960,

p. 253/260.

SPECTRAL REPRESENTATION OF RESIDUAL-

SIDE-BAND TRANSMISSION IN VIEW OF

POSSIBLE INTERCONNECTION BETWEEN

SINGLE-AND DOUBLE-SIDEBAND SYSTEMS

(In German)

N. Berger, Nachrichtentech., vol. 11, no. 1, Jan.

1961, p. 31/35.
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ASYMMETRICALSIDEBANDTRANSMISSIONOF
POSITIONMODULATEDPULSES

G.I. Lukatela,IRETrans.Commun.Syst.,
vol.CS-10,no.1, March1962,p. 102/108.

• . . It is shownthatthesynchronouslydetected
componentoftheenvelopeofanasymmetrically
transmittedimpulsecanpossessasteeperslope
thantheenvelopeitselfandthatover-alltransient
timeofthiscomponentmaybereduced.... The
effectofvariousdegreesoftransmissionasymmetry
is calculatedfor "squaredcosine"typetransmis-
sion-frequencycharacteristics•Theconclusionis
reachedthatforagivenchannelcapacityan
asymmetricalsidebandtransmissioninPPM
systemsshouldbedistinctlysuperiortoa
symmetricalone....

SOMEASPECTSOFV.S.B.TRANSMISSIONOF
COLOURTELEVISIONWITHENVELOPE
DETECTION

G.F. Newell,J. Brit. Instn.RadioEngrs.,
vol.23,April1962,p. 316/320•

Related Publications:

modulated components of the received signal

are respectively eliminated by a band-pass
filter and a limiter. The limiter output serves

as the carrier for homodyne reception, obviating
the need for an a. f. c. system.

AN AM VESTIGIAL SIDEBAND DATA TRANS-

MISSION SET USING SYNCHRONOUS DE-

TECTION FOR SERIAL TRANSMISSION UP

TO 3,000 BITS PER SECOND

F. K. Becker, et al., Commun. Electronics,

vol. 81, no. 60, May 1962, p. 97/101.

• . . The system is asynchronous and will

operate at any bit speed up to its maximum. Satis-

factory operation has been achieved at 2,0O0 bits

per second over the switched telephone network,

and at 3,000 bits per second over equalized voice
band circuits ....

A 1,650-BIT-PER-SECOND DATA SYSTEM FOR
USE OVER THE SWITCHED TELEPHONE

NETWORK

S. Brand, et al., Commun. Electronics, vol. 80,

no. 58, Jan. 1962, p. 652/661.

A 2500-BAUD TIME-SEQUENTIAL TRANS-

MISSION SYSTEM FOR VOICE-FREQUENCY

WIRE LINE TRANSMISSION

G• Ifolland, et al., IRE Trans. Commun. Syst.,

vol. CS-7, no• 3, Sept. I959, p• 180/184.

The Sebit-25 is a full duplex terminal equip-

ment designed to transmit digital data at rates

up to 2500 baud .... binary information • • .

is converted to minimum bandwidth and used

to amplitude modulate a 2500 cycle carrier. The

resulting signal is converted to vestigial side-

band prior to transmission, to further compress

the bandwidth ....

• . . The principal transmission features . . .

are: 1. Two levels only--no framing. 2. Vestig2al

sideband (VSB), or amplitude modulation ....

PROBLEMS OF TELEVISION RELAY/MONITORING

RECEPTION. I. GENERAL RECEPTION

PROBLEMS. (In German)

W. Strossenreuther, et al., Radio Mentor, vol 5,

no. 28, May 1962, p. 494/498.

Discusses the fundamentals of residual sideband

transmission�reception, mainly from the point of

view of types of picture modulation . . .

A NEW TYPE OF VESTIGIAL-SIDEBAND
FACSIMILE SYSTEM

K. Kubota, et al., Rev. Elect. Commun. Lab.,

vol. 9, no. 1-2, Jan.-Feb. 1961, p. 85/90.

• . . performing homodyne detection and

eliminating quadrature distortion. At the trans-

mitter, the maximum modulation factor is set at

a small value, and a carrier frequency is trans-

mitted. At the receiver, phase and amplitude-

OPERz\TING CONDITIONS OF TtIE ANODE

CIRCUIT OF TtfE FINAL MCW AMPLIFIER

STAGE OF A UIIF TELEVISION

TRANSMITTE R

A. I. Lebedev-Karmanov, et al., Radio Eng_ag:

Ik'ansl. of Radiotcldmika, vol. 18, no.

3, March 1963, 17. 40/51.

• . . ensuring the partial suppression, envis-

aged by the standards, of one of the sidebands in

the spectrum of the output radio sig]ml ....
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Section 1.23

Angle Modulation Systems

Frequency modulation is established as a transmission system which can trade bandwidth for signal contrast

(SNR) improvement. It has wide applications in space communications, particularly since the introduction

of improved demodulation circuits (phase and frequency lock loops), which helped to lower the so-called noise
threshold•

Phase modulation is closely related to frequency modulation. It demonstrated a more economical performance

than the latter in many space applications. Synchronous phase demodulators are used in the receivers of

deep space communications links to best advantage.

The common theoretical basis of both these angle modulation systems calls for their presentation in a common

section. The basis of selection of material for this volume results in the exclusion of actual circuits and

subsystems• Therefore, references to phase-lock demodulators are not included.

1.231: Common Problems in Angle Modulation

Included: Instantaneous frequency; Random modulating signals in angle modulation; Noise threshold

problems in general.

Not Included: Angle modulation detectors; Synchronous detection circuits.

Cross References: Threshold problems in frequency modulation (1. 232); Threshold problems in

phase modulation (1• 233); Comparison of modulation systems with coherent detection (i. 860).

Principal Publications:

A NOTE CONCERNING INSTANTANEOUS

FREQUENCY

D. A. Linden, Proc. IRE, vol. 46, Dec. 1958,

p. 1970

RADIO FREQUENCY POWERS AND NOISE
LEVELS IN MULTI-CHANNEL RADIO-

TELEPHONE SYSTEMS USING ANGULAR

MODULATION

J. D. Thomson, Proc. IRE Australia, vol. 19,

May 1958, p. 211/220.

TRANSIENT PROCESSES IN FREQUENCY

MODULATION

A. Ditl, Ministry of Aviation (Gt. Brit.), Dec.

1959, p. 1/19. (Trans. no. TIL/T.5008 of

Hochfrequenztech. U. Elektroakust 64:184-

193, 1956) AD 232 613°

A definition of "instantaneous frequency" has

been evolved which meets practical requirements:

the definitions of different authors have been

critically evaluated and compared with exper-

imental results.

A NOTE ON ANGLE MODULATION BY A

MIXTURE OF A PERIODIC FUNCTION AND

NOISE

P. R. Karr, IRE Trans. Inform. Th., vol. IT-5

no. 3, Sept. 1959, p. 140/143.

POWER IN AN ANGLE-MODULaTED WAVE

W. C. Vaughan, Electronic Radio Engr., vol. 36,

Aug. 1959, p. 289/291.

ESTABLISHING THE FREQUENCY AT THE

OUTPUT OF AN IDEAL NARROW BAND

FILTER WITH FREQUENCY-PttASE
MODULATION

L. I..Iaroslavskii, et al., Radio Engng: Transl.

of Radiotekhnika vol. 15, no. 7, 1960,

p. 72/83•

• . . study of transient processes, or, more

accurately, the establishment of the instanta-

neous frequency and instantaneous amplitude at

the output of a narrow band system with a fre-

quency-phase modulated input signal . . .

Purely frequency and purely phase modulation

are regarded as special cases of frequency-

phase modulation ....

A SUPERPOSITION PROPERTY OF ANGLE

MODULATION

Proc. IRE, vol. 49, no. 6, June 1961, p. 1084.

TRANSIENT RESPONSE OF NARROW-BAND

BAND NETWORKS TO ANGLE-MODULATED

SIGNALS

J. J• Hupert, Proc. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 458/468.

• . . Narrow-band approximation applies but

asymmetric pole pattern is admissible. Network

response to a step in frequency is first obtained

in a convenient form; next, the response to a

function other than a step is developed by the use

of convolution integral with the answer represented

as a sum of quasistationary response and of

transient response of the network overshadows

its quasistationary response or is a sizeable

proportion of this response .... Once the

natural modes of the network are known, multiple-

tuned circuits may be analyzed without much more

complication than a single-tuned circuit ....
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THETHRESHOLDEFFECTIN MODULATION
SYSTEMSTHATEXPANDBANDWIDTH

D. Slepian,IRETrans.Inform.Th. (Intern.Syrup.
Brussels1962),vol.IT-8,no.5, Sept.1962,
p. 122/127.

• . . presentscurveswhicharebelievedto
representthebestthresholdsobtainablewith
practicalmodulatorsthatexpandbandwidthand
operateinstantaneouslyonthebasebandsignal.
Themodelfromwhichthecurvesareobtainedis
describedindetail.

TItRESHOLDSFORSEVERALANALOG
MODULATIONSYSTEMS

B. Reiffen,LincolnLab.,Mass.Inst.ofTech.,
Lexington,6May1963,5p., AFESDTDR6369.

Thresholdisdefinedasanabruptdegradation
inperformancewhenthes/nratioattheinputto
thedetectorfallsbelowsomemoreor lesscritical
level. Twocommonexamplesare:(1)theconven-
tionalFMthresholdwhenadiscriminatoris the
detectorforangle-modulatedsignals,and(2)the
small-signalsuppressioneffectwhenpowerlaw

detectorsareusedforAMsignals.Onethresholli
curvederivedfrominformationtheoryconsid-
erationsmaybeinterpretedasrepresentingthe
bestpossibleperformanceofabroadclassof
modulation-demodulationschemes•

THEAUTOCORRELATIONFUNCTIONOFTHE
OUTPUTOFA NONLINEARANGLE-
MODULATOR

P. H.Wittke,Queens'U.,Kingston,Canada,Re-
searchreportno.63-1,Jan.1963,17p., refs.
Theusualtechniqueforfindingthedistribu-

tionofpowerofa randomsignalwithfrequency
is tofindfirst theautocorrelationfunctionofthe
signal,andthentaketheFouriertransformof
theautocorrelationfunctiontoobtainthepower
spectraldensity.Thestatisticalpartofthe
problemis thecalculationoftheautocorrelation
function•

TItEAUTOCORRELATIONFUNCTIONOF
TIlEOUTPUTOFA NONLINEARANGLE
MODUI_kTOR

P.H. Wittke,Trans.Inform.Th.,vol. IT-10,
no.1, Jan.1964,p. 67/72.

1.232:FrequencyModulation

Included:Noisethresholdproblemsin FM;Fundamentalsof FMreceiverswithfeedback;Frequency
compressivefeedbackthresholdimprovementinFM;Sweptfrequencymodulation;AMsuppression
inFMsystems;PowerspectraofFMsignals;CaptureeffectsinFM.

Not Included: Frequency compression in FM (2); Variable bandwidth FM systems (2); Multi-channel

FM systems (2); Telemetry systems with frequency modulation; FM demodulators; Limiter circuits;

Discriminator circuits; Phase lock circuits; Pre-emphasis (2); Frequency modulators; VCO = voltage
controlled oscillators.

Cross References: Instantaneous frequency (1.231); Distortion of FM signals in transmission channels

(1. 623) ; Quantized frequency modulation (1. 333) ; Interference problems in FM systems (i. 732) ; Pulse

compression techniques with FM pulses (i. 316); Spread spectrum techniques using FM (I. 920);

Frequency shift keying systems (i. 322); Multiple modulation systems with FM (Div. I.9).

Principal Publications:

VARIABLE FREQUENCY ELECTRIC CIRCUIT
TIIEORY \VITIt APPLICATION TO TttE

TIIEORY OF FREQUENCY MODULATION

V. Carson, et al., Bell Syst. Tech. J., vol. 16,
Oct. 1937.

FREQUENCY MODUI,ATION

K. R. Sturley, Proc. Instn. Elect. Engrs (London).

vol. 92, Sept. 1940, p. 197/207.

FM DISTOI_TION CAUSE[) BY MULTIPATI1

TRANSMISSION

M. S. Corrington, RCA Rev., vol. 6, 194(;, t). 522.

VARIATION OF I_ANI)WIDTIt WITII MOI)UI,AT1ON

INI)FX IN FI{EQUI.:NCY MODUI_\TION

M. S. Corring_on, Proc. IRE, vol. 35, Oct. 1.947,
p. 1013/1020.

TIIE DISTORTION OF FREQUENCY-
MODULATED WAVES BY TRANSMISSION

NETWORKS

A. S. Gladwin, Proc. IRE, vol. 35, Dec. 1947,
p. 1436/1445.

INTERFERENCE IN FM RECEPTION

J. Granlund, Tech. Report, Res. Lab. Elec-

tronics, M.I.T., no. 42, Jan. 1949.

TIIEORY OF STIIONGER-SIGNAI_ CAPTURE
IN FM IIECI.]I)TION

E. Baghdady, Proc. IRE, vol. 46, April 1958,
p. 72,_/738.

CAI)TUIIE ()F Till': WEAKER SIGNAL:

FE EI)I:()II\VAIII) TECIINIQUE

E. J. I/aghdady, Quarterly Progress Report.

lies. l_ab of Fleet. MIT, Sept. 1958, p. 56/62.
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*TABLE OF FIRST 700 ZEROS OF BESSEL

FUNCTIONS--JI(X ) and J'I(X)
C.L. Beattie,Bei1 Syst. Tech. J., vol. 37,

no. 3, May 1958, p. 689/697.

A METHOD OF IMPROVING RECEPTION IN

FM COMMUNICATIONS

H.D. Hern, et al., IRE WESCON Cony.

Record, Los Angeles, California, no. 8,

Aug. 1958, p. 46/52.

Proportionally reducing the receiver band-

width when the input signal level drops toward

the level which would normally produce the

threshold effect.

UBER DIE MODULATION DER EIGEN-

FREQUENZ EINES VERLUSTFREIEN

SCHWINGKREISES, TEIL I (On the

Modulation of the Resonance Frequency

of a Loss-Less Tuned Circuit Part I)

(In German)

E. Kettel, Telefunken Ztg., vol. 31, Dec.

1958, p. 254/262.

UBER DIE MODULATION DER EIGENFREQUENZ

EINES VERLUSTFREIEN SCHWINGKREISES,

TEIL II (On the Modulation of the Resonance

Frequency of a Tuned Circuit, Part II) (In

German)

E. Kettel, Telefunken Ztg., vol. 32, March

1959, p. 29/38.

AMPLITUDE MODULATION SUPPRESSION

IN FM SYSTEMS

C.L. Ruthroff, Bell Syst. Techn. J., vol. 37,

no. 4, July 1958, p. 1023/1046.

Inadequacies of some limiter concepts are

discussed and a limiter analysis in terms of

low-index modulation theory is presented.

Experimental data . . .

ACTION OF WEAK PULSE INTERFERENCE

ON FREQUENCY-MODULATION
RECEIVERS

V.M. Sidorov, Radio Engug•, vol. !3, no. 13,

1958, p. 26/47.

PRACTICAL CONSIDERATIONS IN THE DESIGN

OF MINIMUM BANDWIDTH DIGITAL

FREQUENCY MODULATION SYSTEMS

USING GAUSSIAN FILTERING

W.L. Glomb, IRE Trans. Commun Syst.,

vol. CS-7, no. 4, Dec. 1959, p. 284/
290.

• . . The relationship between peak de-

viation and system threshold is explored and

an optimum deviation established. The

location of the Gaussian filters in the system
is discussed . . . These results have been

applied to a 2000-me communication equip-

ment.

• . . The system under discussion will
be assumed to be a PTM-FM or a PCM-

FM system.
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PROBLEMS ENCOUNTERED IN WIDE-BAND

FREQUENCY MODULATION

D.D. Wilcox, Proc. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p. 173/181.

• . . using a frequency modulation system for

the recording of very wide-band signals in which

the modulating frequency closely approaches the

carrier frequency. The difficulties involved in

detecting the frequency modulated components,
and the various factors which contribute to the

problem are discussed . . . Use of transistors

in the circuits is discussed . . .

A SURVEY OF SOME RECENT DEVELOPMENTS

IN RELIABLE FM COMMUNICATIONS

E.J. Baghdady, Proc. Nat. Aeron. Electronics

Conf., vol. 8, May 1960, p. 453/463•

ERROR PROBABILITIES FOR TELEGRAPH

SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B.B. Barrow, Proc. IRE, vol. 48, Sept. 1960,

p. 1613/1629.

SPECTRAL MEASUREMENTS OF SLIDING

TONES

W. Gersch, et al., IRE Trans. Circuit

Theory, vol. CT-7, Aug. 1960, p. 26/39.

NONLINEAR LEAST-SQUARES FILTERING

AND FREQUENCY MODULATION

A.D. Hause, Research Lab. of Electronics,

MIT, Cambridge, 25 Aug. 1960, 49 p.

(Tech rept. 371), AD 258 225.

The low S/N performance of communication

systems is shown to be related in a simple way
to the structure of the optimum filter polynomial.

The use of . . . non-linear filter theory confirms

the notion that conventional FM produces some-

what less than optimum reception at low S/N.

This study indicates that the type of FM that has

potentially the best performance in this range is

narrow-band FM with a phase-synchronized

carrier.

THREStIOLD IMPROVEMENT IN AN FM SUB-

CARRIER SYSTEM

B.D. Martin, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no. 1, March 1960,

p. 25/33.

FM WEAKER-SIGNAL SUPPRESSION WITH

NARROW-BAND LIMITERS

R.J. McLaughlin, Research Lab. of Electronics,

MIT, Cambridge, 1 Feb. 1960, AD 246 280.

. . . suppressing eochannel interference by
the method of narrow-band limiting. A design1

procedure specifying sufficient properties for

each section of the receiver is presented. The

amplitude disturbances that are caused by the
interference before and after narrow-band limit-

ing of the resultant signal are evaluated, in
order to determine the limiting threshold require-

ments for their suppression. The results of an
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extensivestudyofthepotentialitiesofthegated-
beamlimiterarepresented,andits suitability
foruseasanarrow-bandlimiteris discussed.

R.F.SPECTRAOFWAVESFREQUENCY
MODULATEDWITHWHITENOISE

R.G.Medhurst,Proc.Instn.Elect•Engrs.
PartC, London,vol. 107,no.12,
Sept.1960,p. 314/323,26refs.

Althoughcomprehensivesetsofcurvesare
availablegivingtheradio-frequencyspectra
ofwavesphasemodulatedwithband-limited
whitenoise(simulatingf.d.m.telephony
signals),thecorrespondingproblemfor
frequencymodulationturnsouttobemuch
moreintractable.Inthepresentpaperthe
frequency-modulationproblemisattacked
usingamethodemployedinanearlierpaper,
in conjunctionwithnumericaldevicesfor
improvingtheconvergencerateofvery
slowlyconvergingseries....

OPTIMUMPASSBANDOFA FILTERINTIlE
RECEPTIONOFFREQUENCY-MODU-
LA,TEDSIGNALSWITItFOLLOW-UP
TUNING

Ya•G.Rodionov,RadioEngng:Transl.of
Radiotekhnika,vol.15,no•9, 1960,
p. 63/73.

• • . from the point of view of ensuring

maximum interlerenee resistance in reception

and the highest quality reproduction of the use-

ful signal ....

ENERGY SPECTRA OF FM SYSTEM WITI[ I,OW

BI.:TA, lt[Gll DEVIATION RATIO, AND MF

WlIICtl APPROACItES CARIHER FREQUENCY

S• L. Simmons, Trans. IRE Space Electronics

Telemetry, vol. SET-6, no. 1, March 1960,

p. 17/19.

• . . this technique may be used for analysis

of any FM wave and yields theoretical results

which conform closely to actual operating
results.

WIND-BAND CARRIER COMMUNICATIONS.

VOLUMF II. FREQUENCY MODULATION
OF RANI)OM CARRIERS

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif., i Jan. - 18 March,

1960, (Tcch. rept. on Comnmnieations) Oct.

19(;0, l v. (Rept. no LMSD-704 16, Vol. 2)
AI) 25:/ 282.

Random-carrier eomnmnications using fre-

quency-shift modulation, is described. This is

aeeomt)lishcd by transmitting a frequency band

of random encrg T in two forms; a reference

carrier is transmitted on one frequency band,

and a frequency-shift modulated version of the

reference carrier is transmitted on a second

band not overlal)ping the first. A basic des-

cription of this communication channel is

presented, and its performance is COml)uted

and experimentally verified in terms u[ the

output signal-to-noise ratio.
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SPECTRAL ANALYSIS OF VOICE-MODULATED"

FM SIGNAL

L.R. Spogen, Jr., et al., Applied Research

Lab., U. of Arizona, Tucson, Final rept.

Dee. 1960, 30p., AD 256 535.

• . . calculation and measurement of the car-

rier and sideband spectrum of an electromag-

netic wave when frequency modulated by a non-

periodic wave such as ordinary speech. The
spectra for various deviation ratios were cal-

culated and measured. Only the vowels and

diphthongs were used for calculated spectra . . .

TItEORY AND METIIODS OF FREQUENCY

MODULATION (In Russian)

A.D. Artym, Moscow-Leningrad, Gosenerg-

oizdat, 1961, 244p.

• . . contains a systematic exq)lanation of the

methods of frequency and phase modulation as

well as a theoretical analysis of these methods

which permit an estimate of their possibilities,

achievements and inadequacies . . . Special

attention is paid to new, most effective methods

of frequency and phase modulation, which have

been slightly or not at all explained in existing

literature .... intended for engineers working
in radio communication . . .

A GENERAI_IZATION OF WOOI)\VARI)'S

TIIEOREM AND THI." SPECTRUM OF A

IlIGII IIARMONIC OF A SINUSOID PLUS

NARI{OW-BAND GAUSSIAN NOISE

N.M. Blachman, Electronic Defense Labs.,

Mountain View, Calif., 28March196i, i2p.

(Technical memo, FDI_-M367) AD 263 056.

• . . the power spectrum of a slowly fre-

quency-modulated sig_ml is g2ven by the first-

order probability density of the modulation. It
can be ex-tended to cover the case where there

is slow amplitude modulation as well (correlated
or uneorrelated and deterministic or random)

TIIE OUTPUT SPECTtb\L 1)ENSITY OF A DE-

TECTOR OPERATING ON A F. M.C. W

RADAR SIGNAL IN Till,: I)RFSENCE OF

BAND- LIMITEI) WItITE NOISF

J. Lait, Proc. Instn• Elect. Engrs. Part C,

Lomlon, vol. 108, no. 13, March t961,

p. 197/207.

A method of analysis suggested by Lawson
aud Uhlenbeek is used to examine the inter-

action between reference sigllal, echo and noise

in the detector stage of a frequency-modulated
e.w. radar receiver ....

E IIROII I)IIOIIABI LITI ES FOIl TF LEGRA Plt

SI(INAI_S TIIANSMITTED ON A FADING

FM CARRIEI{

B. |L Barrow, l)roe. IRE, vol. 48, Sept• 196l,

p. 1(;13/1629.

• . . for multiplexed binary telcgral)h sigmals

that are used to frequency-modulate an RF
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carrier that is subsequently corrupted by fading

and noise. Frequency-shift keying, amplitude

keying, and phase-shift keying are considered•
It is shown that most telegraph errors occur

when the carrier fades below threshold . . .

The analysis pertains most directly to tropo-

The spectrum of an F.M. wave modulated by

gaussian noise is studied . . . response of linear

band-pass networks to an F.M. signal . . .

Several new and several existing F• M. demodu-

lators are studied to establish design criteria for

the demodulators. Finally the ability of a phase-

scatter systems, but the general conclusions

regarding the effect of FM threshold should be

relevant also for fading transmission paths

such as those met in line-of-sight and tele-

metry . . .

POWER-BANDWIDTH TRADE-OFFS FOR

FEEDBACK FM SYSTEMS: A COMPARI-

SON WITH PULSE-CODE MODULATION

E. Bedrosian, RAND Corp., Santa Monica,

Calif., Oct. 1961, 59 p., (Rept. RM-2787)
AD 264 781.

• . . For a given quality of service, power

can be traded against bandwidth depending on

the amount of feedback used. Large amounts

of feedback in a typical system can reduce the

amount of transmitter power required by as

much as 8 db while roughly doubling the radio

channel occupied, compared with a conventional

FM system designed to minimize transmitter

power• Assuming an optimum detection pro-

cess, a comparable PCM system requires

about 3 db less power than a conventional toll-

quality FM system but about 5 db more power

than a feedback FM system using 35 to 40 db
of feedback.

A GENERALIZATION OF WOODWARD'S

THEOREM ON FM SPECTRA

N.M. Blachman, Information Control, vol. 5,
no. 1, March 1962, p. 55/63.

VARIABLE BANDWIDTH FM TRANSMISSION

SYSTEM

J. Bordogna, et al., Commun. Bridge or

Barrier, 7th Natl. Comrnun, Syrup. , vol. 7,

Oct. 1961, p. 310/317.

• . • application.., in general and in FM

tropospheric scatter . . . will significantly

reduce interference and fuel consumption by

allowing the reduction of required transmitter

power while maintaining reliability . . .

THE VISUALIZATION OF FREQUENCY-
MODULATION TRANSIENTS BY MEANS

OF MECItANICAL MODELS

M.J.E. Golay, IRE Trans. Circuit Theory,

vol. CT-9, no. 1 March 1962, p. 78/82.

THE THEORY AND DESIGN OF F.M.

RECEIVERS

D. Hess, Microwave Research Inst., Poly-

technic Inst. of Brooklyn, N.Y., 11 May

1962, 84p., AD282 110.
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lock loop to demodulate an F.M. signal is
studied . . .

SYNCHRONIZED SELECTIVITY RECEIVER

F.H. Hilbert, Motorola, Inc., Chicago, Ill.,

Final rept., 1 Apr. 1959 - 31 May 1961,

31 May 1961, 1v. incl. illus., 18 refs.,
AD 282 446.

Synchronized selectivity was investigated as a

method of improving receiver range through

threshold improved performance of voice com-

munications (index of modulation 5) FM re-

ceivers. Results were negative• Techniques of

frequency compression and phase tracking were
also evaluated for improved range. Results

were negative. A re-examination of threshold

phenomena showed this to necessarily be the
case for the index of modulation used. However,

if wide band FM were abandoned and narrow band

PM utilized, threshold does not occur and the

superior weak signal performance and range of

an AM system results.

DIE ZEIGERMETHODE

EIN ANSCHAULICHES VERFAHREN ZUR BE-

HANDLUNG VON VERZERRUNGEN DER

KLEINHUB-FM MIT ANWENDUNG AUF

FM-RICHTFUNK (The Vector (Phasor) Method.

An Indicative Method for the Analysis of FM

Distortion in Cases of Low FM Index.) (In

German)
M. Muller, Arch Elekt. [ibertrangnng, vol. 16,

no. 2, Feb. 1962, p. 93/96.

THE RESPONSE OF AN AUTOMATIC PHASE

CONTROL SYSTEM TO FM SIGNALS AND

NOISE

D.L. Schilling, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N.Y. June
1962, 136p. incl. illus, tables, refs. (Re-

search rept. no. PIBMRI-1040-1962) AD
295 555 o

• . . Emphasis is placed on the system's re-

sponse to frequency ramp modulated signals . . .

The response of the System to an FM sig_ml is

obtained using a perturbation technique and

perturbing about the solution to the nonlinear

pendulum problem. A piecewise-linear solution

is also presented• . .

FM RECEPTION UNDER CONDITIONS OF

STRONG INTERFERENCE

J. van Slooten, Philips Tech. Rev., vol. 22,

no. 11, July 1961, p. 352/360.
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APPROXIMATEDETERMINATIONOF THE

EXTREME THRESHOLD POSITION IN

FREQUENCY MODULATION

G. Battail, IRE Trans. Inform. Th•, (Intern.

Syrup. Brussels 1962), vol. IT-8, no. 5,

Sept. 1962, p. 136.

• . . to approximately determine the re-

ception threshold position in large index fre-

quency modulation, as reached by the use of

a hypothetical (yet unknown) optimum de-
modulator .... an interpretation of thres-

hold phenomenon . . . in the case of a

continuous modulation system with modulation

gain (i.e., which trades minimum necessary

power against bandwidth). After Shannon,

demodulation is then represented as a non-

topological mapping in high-dimensional

signal spaces .... One may . . . share

the noise after demodulation into "neigh-
borhood" and "error" noise .... The former

is predominant above threshold, the latter be-

low; threshold is defined by the equality of

their powers. In the FM case, neighborhood

noise is already known, according to the con-

ventional large signal theory. Error noise

may be approximately computed after re-

placing the actual continuous modulating signal
by a discontinuous one, . . .

SWEPT FREQUENCY MODULATION• A MEANS

OF REDUCING TitE EFFECTS OF IMPULSE

NOISE.

J. C. Dute, et al•, Michigan U., Ann

Arbor, Report on Telemotry and Command

Destruct, Dec. 1962,19 p., ASD TDR

62-836, AD 297 798.

TIlE DESIGN AND CAPABILITIES OF FEED-

BACK FM RECEIVERS

R.M. Gagliardi, (Western Electronic Show and

Convention, Los Angeles, Calif., Aug. 21-24,

1962), 1962 WESCON Convention Record,

Part 7 - Communications, vol. 6, 1962, 9 p.

• . • will maximize power savings over

standard FM for a given output SNR. System
parameters such as transmitter modulation

index, loop gain, IF bandwidth, and baseband-

filter bandwidth are specified, corresponding

to this optimum design. Particular attention

is given to output SNR in the range from 15-

50 db, the practical operating range of most
analog systems . . .

ON TIlE PERFORMANCE OF FM COMMUNI-

CATIONS IN TIIE PRESENCE OF RF NOISE

G.A. IIellwarth, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 4, Oct. 1962, p. 346/349.

A critical view is taken of some common

notions of input signal-to-noise ratio "thres-

holds" below which frequency-modulation radio
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links become inoperative but above which highls;

satisfactory communications results.

Experimentally derived curves are shown

giving output vs input S/N's for three FM re-

ceiver bandwidths and a signal employing sine-

wave modulation. When the experimental FM

curves are compared with theoretical curves for

AM, DSB, and SSB, it becomes clear that the

"threshold" concept is extremely misleading.

SIGNAL-TO-NOISE-EFFECTS AND THRESttOLD

EFFECTS IN FM

M. Schwartz, Proc. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 59/71.

• . . a tutorial discussion of threshold effects

in wideband FM receivers. Comparison is made

between the analytical approaches used inde-

pendently by Rice, Middleton, Wang and

Stumpers. Their analyses show the existence of

two thresholds: (1) The noise at the output of

the detector increases rapidly when the carrier-

to-noise ratio drops below about 10 db. (2) A

sigmal suppression effect takes place when the

carrier-to-noise ratio drops below 0 db. Some

recent experimental verification of the theo-

retical results is presented. The application of

the threshold phenomena to FM frequency feed-

back receivers, and to the study of digital error

rates in fading FM systems is noted.

TIIE POWER SPECTRUM PRODUCED BY THE

LINEAR MIXING OF SIGNALS FREQUENCY
MODULATED BY GAUSSIAN NOISE

L.M. Tozzi, Harry Diamond Labs., Washington

D.C., 15 Nov. 1962, 26p. (Rept. no. TR-1093),
AD 298 088.

THEORETICAL STUDIES ON SIGNAL-TO-NOISE

CHARACTERISTICS OF AN FM SYSTEM

H• Akima, IEEE Trans. Space Electronics

Telemetry, vol. SET-9, no. 4, Dec. 1963,
p. 101/108, 28 refs.

• . . assuming that the transmitted wave is

frequency-modulated by a discontinuous signal,

which is made by sampling from the original in-

formation signal at every sampling point equally
spaced by a Nyquist interval . . . Studies are

made with a simple model of an FM demodulator

of a new type, which may be called the band-

dividing FM demodulator. As a result of these

studies a limit to the degree of improvement in

the threshold of an FM system is obtained. The

result obtained here again suggests that it is

possible to improve the threshold of the system

beyond that of a so-called conventional FM de-

modulator .... Brief discussions on the

threshold effects in the so-called phase-lock and

frequency-lock FM demodulators are also given.



BANDWIDTHANDSPECTRAOFPHASE-AND-
FREQUENCY-MODULATEDWAVES

N.Abramson,IEEETrans.Commun.Syst.,vol.
CS-11,no.4, Dec.1963,p. 407/414,14refs.

Thespectrumofasinusoid,angle-modulated
byastationaryGaussianrandomprocess(GRP)of
almostarbitraryspectrum,is investigated.Such
aGRPprovidesaconvenientmodelforvoice
signals,TVsignals,andcomplexcommunication
signalsofothertypes.It is shownthattherms
bandwidthofthemodulatedwaveis theproduct
ofthermsbandwidthofthemodulatingwaveand
thermsanglemodulation.Inthefrequency
modulationcase,thisresultssaysthermsband-
widthofthemodulatedwaveis 1/2_timesthe
rmsfrequencydeviation•A generalexpansion
fortheshapeofthespectrumofthemodulated
sinusoidisderived....

FMIMPROVEMENTTECHNIQUES
E. J. Baghdady,etal., Adcom,Inc., Cambridge,

Mass.,FinalRept.,1Feb.1963,291p.,
AD417637andN63-22119.

• . . discussionofthenoisethresholdofex-
ponentialmodulationsystems. . . Thefunda-
mentaltheoryofthresholdreductionbymeansof
theoscillatinglimiter,thephase-lockedloop
anddemodulatorswithfrequency- compressive
feedbackis thenpresented. . . experimental
results. • . dealingprincipallywiththeoscil-
latinglimiter.

CORRECTIONSTO"APPROXIMATEDETER-
MINATIONOFTHEEXTREMERECEPTION
THRESHOLDPOSITIONIN FREQUENCY
MODULATION"(Correspondence)

G.Battail,IEEETrans.Inform.Th.,vol. IT-9,
no.4, Oct.1963,p. 286.

• . . tocorrectsomepointsinaprevious
paper(originallypublishedinFrance)....
G.Battail,IRETrans.onInform.Th., vol.
IT-8,pp.S108-S121;September,1962....

BINARYDATATRANSMISSIONBYFMOVER
A REALCHANNEL

W.R. Bennett,etal., BellSyst.Tech.J.,
vol.42,no.5, Sept.1963,p. 2387/2426.

Formulasarederivedforprobabilityoferror
inthedetectionofbinaryFMsignalsreceived
fromachannelcharacterizedbyarbitraryampli-
tude-andphase-vs-frequencydistortionaswell
asadditiveGaussiannoise•Theresultsdepend
onthesignalsequenceandcanbepresentedin
termsofaveragesoverall signalsequencesor
asboundsforthemostandleastvulnerable
ones.Illustrativeexamplesevaluatedinclude
Sunde'smethodofsuppressingintersymbolinter-
ferenceinband-limitedFM. . . It is foundthat
aperformancefrom3to4dbpoorerthanthat
theoreticallyattainablefrombinaryPMis realiza-
bleoveravarietyoffilteringsituations•
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ASYMPTOTICBEHAVIOROFTHESPECTRA
OFRFPULSESWITHLINEARFRE-
QUENCYMODULATION

S.L. Borison,etal., LincolnLab.,Mass.Inst.
ofTech.,Lexington,9Oct.1963,29p.,
refs.,Rept.41G-5;AD421872,N64-17663.

. . . It is specificallyshownthatatfrequencies
(measuredfromthecarrierfrequency)much
largerthanthemaximumFMdeviationtheeffect
oftheFMis small....

NOTESONTHETHEORYOFMODULATION
J. R. Carson,Proc.IEEE,vol.51,no.6,

June1963,p. 893/896.

• . . It hadbeenproposedthatfrequency
modulationcouldbeusedtoprovidearadio
signalnarrowerinbandthanthemodulation.
InthefollowingpaperfromtheProceedings
of1922,JohnR. Carsonprovedmathematically,
inclassicallysimplestyle,thatafrequency-
modulatedsignalcouldnotoccupylessspace
thanthemodulationband.... Thereasoning
thatfollowedseemstohavegonesomewhatlike
this: Carsonhadprovedthat. . . frequency
modulationhadnothingtoofferforthepurpose
understudy-frequencymodulationhadlittle to
offer. Thesummary,if lightlyread,saysso.
ThuswewaitedfifteenyearsforArmstrong_. . .

FMCHANNELCAPACITYDOUBLINGBY
POWERDIVISION

E.A. Conover,ArmyElectronicsResearch&
DevelopmentAgency,FortMonmouth,N.J.,
March1963,23p., AD419623andAD407
691.

A specializedreceivingsystemwhichenables
theextractionoftheweakeroftwoco-channel
frequency-modulatedsignals. . . modifications
madetoastandardmilitaryreceiverR-110/GRC
(38to55MCrange). . . Aninnovationis intro-
ducedwhichconsiderablydecreasestheamount
ofdistortionandincreasestheintelligibilitywhen
speechis usedasthemodulationofbothweaker
and stronger signals. This innovation consists of

the superimposition of a constant-level sinusoidal

audio tone to the voice-modulated stronger signal.

• . . Charts illustrating spectra of detected audio

components before and after circuit modification

to effect this innovation are included. A theory

is advanced in explanation of the improved

intelligibility obtained by the innovation.

MINIMUM POWER ANALOGUE COMMUNICATION

J. A. Develet, Jr., Aerospace Corp., Los

Angeles, Calif., 15 May 1963, 38 p., Rept.

no. TDR 169 3250 43 TN2, AD 437 203.

• . . theory of minimum power wide-band

frequency modulation communications . . . con-
sidered: . . . sources of noise, frequency modu-

lation theory, frequency-following reception,

phase-lock and FM feedback, thresholding, the

effects of system nonlinearities, and the use of

pre-emphasis.
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TABLESOFORDINARYBESSELFUNCTIONS
OFTHESECONDKINDOFORDERS0
THROUGH9 VOLUMESI-V

G. C.Francis,etal., BallisticResearchLabs.,
AberdeenProvingGround,Md.,March1963,
approx.400p., AD405467(Vol.I), AD405
468(Vol.II), AD405469(Vol.IH),AD405
470(Vol.IV),AD405471(Vol.V).

THEEFFECTOFA POWER-LAWDEVICEON
THECORRELATIONFUNCTIONOFA
FREQUENCY-MODULATEDSIGNAL

H.Kaufman,etal., JournalofElectronicsand
Control,Ist Series,vol.16,March1964,
p. 307/324,A64-16669.

Presentationofaderivationofthecross-
correlationfunctionattheoutputofapowerlaw
devicewhentheinputconsistsoffrequency-
modulatedsignalsplusbothcorrelatedandun-
correlatedadditivenoise.Detailedresultsare
presentedfortheeaseofanideallimiter, a
linearamplifier,asquare-lawdevice,anda
cube-lawdevice....

INVESTIGATIONOFANALOGANDDIGITAL
COMMUNICATIONSYSTEMS(PIIASE3
REPORT)

J. G.Lawton,CornellAeronauticalLab.,Inc.,
Buffalo,N.Y., Finalrcpt., Feb.1962-
Feb.1963,May1963,175p., RADCTDR63
147,N63-17933,AD407343.

Themaximumlikelihoodestimationof FM-
modulatedsigllalsis investigated.... tbreshold
phenomenonin FMreceptionwithanidealdis-
criminatorandapostdeteetionWienerfilter for
thecaseerarandommodulationfunction....
boundsontheperformanceofPCMsystemsfor
transmittinganaloginformation. . . compared
withtheoreticalboundsforsystemsofprescribed
complexity.The analysis of the optimization of

N-ary digital systems operating over a dispersive

channel, which was beg_n during a previous
phase of the contract, is further advanced.

INTEGI_\TION AND DIFFERENTIATION [N TIlE
GENERATION AND DEMODUL&TION OF

F.M. WAVES

G. May, Electronic Engng., (GB), vol. 35, Feb.

1963, p. 96/99.

Integration and differentiation arc shown to be

basic processes in the generation and demodula-

tion of frcqucncy-modulated waves. In col_sidering
these processes the term modulation coefficient

and an associated symbol m c is intr<)du('ed. The

rehttionshipsbetween modulation index, moduhl-

tion eoclTi('icnt and modulation factor are discussed

;tilt[ a oo1111)'t l'ison [s inade of the effects of fre-

(luency-nmltiplication and frequ(u_cy translation on
the quantities.
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FREQUENCY-MODULATED SIGNALS AND

THEIR POWER SPECTRA

G. H. Nitta, Naval Ordnance Lab., Corona,

Calif., Feb. 1964, 139p., NOLC TM74208,

AD 436 407.

• . . a condensation and interpretation of

mathematical analyses that relate to frequency-

modulated signals, their spectra, and the

effect of passing such signals through linear

filters .... involve almost-periodic and

aperiodic signals. Formulas are also given

which show the effects of processing frequency-

modulated signals through rectangular, RC, and

Gaussian-shaped low-pass filter, and Gaussian

passband and linear narrowband fiIters.

TtIE ltISTORY OF I_kND-MOBILE RADIO

COMMUNICATIONS (Correspondence)

J. S. Smith, Prec. IEEE, vol. 51, no. 1, Jan.

1963, p. 253.

Dr. Noble's article in the Fiftieth Anniversary
Issue . . . one area which this author thinks

needs clarification . . . concerned with that

critical period after Major Armstrong first con-

ceived FM . . . steps that lead to the acceptance
of FM as the best medium for mobile radio ....

BAND LIMITATION AND ERIIOII RATI: IN

I)IGITAL UI[F-FM TRANSMISSION

tl. J. yon Bacyer, IEFE Trans. Commun. Syst.,

vol. CS-11, no. 1, March 1963, p. 110/117.

The literature on systems desig?_ for the trans-

mission of high speed digital data in the "megabits

per second" range over UIIF li_fl_s is scarce and

somewhat contradictory .... problem of finding
the best compron_ise between radiated bandwidth,

power balance, and output SNR, t}-c latter being

directly related to the error rate. Confining the

analysis to frequency modulation . . . optimiza-

tion is analyzed. The effects of intcrsymboi

interference, FM transient characteristics, and

F, improvement threshold are discussed . . .

A I.'OllTI/AN I)IIOGRAM TO CA I,CUI_ATE

BESSI']I_ FUNCTIONS OF [NTEGllAI_ IN1)EX
ANI) COMPI.EX AllGUMENT

J. E. White, Jr., Brown Engineering Co., Inc.,

lhmtsville, Aht., Scientific Research Labs. ,

July 1!)(;:_, 35 p., 5 rcfs., N(13-22562.

• . . Calculation of the radar cross section of

a cylindrical shell I)lasma recluircs very accurate

computations of the Bessel functions of the 1st,

2ml and :h'd kinds with complex arguments and
integral order. I,'OIITIIAN II subroutine for the

IBM-1410 ('oml)utcr have been written to calculate

thcse functions . . .



ANANALYSISANDSYNTHESISPROCEDURE
FORFEEDBACKFMSYSTEMS•PARTA:
CONVENTIONAL FM SYSTEMS. PART B:

FEEDBACK FM SYSTEMS

A. Wonjnar, Massachusetts Inst. of Tech.,

Cambridge Research Lab. of Electronics,

Sept. 30, 1963, 53p., 31 refs., N63-23575.

• . . frequency-compressive feedback FM

systems . . . threshold behavior . . . survey of

the existing noise analysis of FM systems . . .

shown that the excess-noise component pre-

dominates in the threshold region of most conven-

tional FM systems. A new analytical expression

(which agrees with experimental evidence) has
been found for the location of the noise threshold•

Two possible mechanisms causing noise threshold

in a feedback FM system are examined . . .

Experimental results with certain feedback FM

configuration . . .
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Related Publications:

FLIGHT TEST DATA SYSTEM VICTOR SYSTEM

272

G. Luecke, (Presented by G. E. Sandgren), IRE

Trans. Telem. Remote Contr., vol. TRC-3,

no. 1, April 1957, p. 1/16.

• . . FM information is recorded on a 30

track, 3,000 ft. 1 1/2" magnetic tape for a maxi-

mum of 40 minutes per reel.

THEORETICAL ERROR PROBABILITIES FOR

FREQUENCY-SHIFTKEYED TELEGRAPH

SIGNALS TRANSMITTED ON A FADING FM

CARIIIER

B. B. Barrow, SHAPE Air Defense Technical

Center, The Ilague (Netherlands), Sept. 1959,

65 p., AD 226 924.

A NEW PRACTICAL APPROACH TO SUB-

CARRIER PRE-EMPHASIS

W. E. Hane, 1959 Nat. Telemetering Conf,,

May 1959, p. 151/160.

New designs for fm/fm telemetry often lack

a method of obtaining optimum subcarrier pre-

emphasis .... The use of an optimum pre-

emphasis curve rather than a "standard" curve

significantly increases the effective range of a

given telemetry system. However, when the

system has more than six to eight subcarrier

oscillators, the data distortion often becomes
intolerable ....

IDEAL BINARY PULSE TRANSMISSION BY
AM AND FM

E. D. Sunde, Bell Syst. Tech. J., vol• 38,

no. 6, Nov. 1959, p. 1357/1426.

• . . It is shown that intersymbol interference

can be avoided in binary pulse transmission by
FM without the need for a wider charmel band than

in double-sideband AM, for equal pulse trans-

mission rates . . . partial pulse shaping by pre-

modulation and postdetection low-pass filters is
also considered.

EXPLICIT FORM OF F.M. DISTORTION

PRODUCTS %%qTII WHITE-NOISE MODULA-

TION (Extension and Correction)

R. G. Medhurst, et al., Proc. Instn. Elect.

Engrs. Part C, London, vol. 107, no. 12,
Sept• 1960, p. 367/369.

THE CASE OF FM-AM VS FM-FM TELEMETRY

L. L. Rauch, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no. 2, June 1960,

p. 81/84•

VARIABLE BANDWIDTH FM TRANSMISSION

SYSTEM

J. E. Palmer, et al., RCA Defense Electronic

Products, Camden, N.J•, 30 April 1961,

143 p., 43 refs., RADC TR61-124, AD 259
090.

• . . A system is proposed in which data rate

would be varied by adjusting the transmitted

bandwidth in accordance with the prevailing con-
ditions .... Efficient use of the communiea-

tions channel, especially in systems such as

forward propagation tropospheric scatter where

the received signal power varies over a wide

range ....

BANDWIDTH LIMITING EFFECTS OF FRE-

QUENCY SELECTIVE FADING OVER

TROPOSPHERIC SCATTER PATIIS

P. D. Shaft, Microwave Research Inst., Poly-

technic Inst. of Brooklyn, N.Y., Master's

thesis, 12 Dec. 1961, 105p. incl. illus.,

tables, 25 refs., Research rept. no.

PIBMRI-976-61, AD 281 967.

• . . applicable to systems frequency modu-

lated with frequency division multiplexed tele-

phone and telegraph channels ....

FM-SIGNAL DEMODULATION IN MICROWAVE

FREQUENCY-COMPRESSION RECEIVERS

W. L. Sweet, Electronic Defense Labs.,

Mountain View, Calif., 3 Feb. 1961, Tech-

nical memo. no. EDL-M334, AD252 712.

Reception of broad-band FM signals may be

improved by employing the technique of frequency

compression in the receiver. Frequency com-

pression is briefly compared with other FM

reception techniques, and its application in micro-

wave receivers is discussed .... the possibility

of combining several FM reception techniques is
considered.

APPROXIMATE BAND-PASS LII_HTER ENVE-

LOPE DISTRIBUTIONS

W. Doyle, et al., Rand Corp., Santa Monica,

Calif., Feb. 1962, 21p. incl. illus., 20 refs.,

Memo. no. RM-2987-PR, AD 274 684,

75
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• . . Anapproximatedistributionis computed
fortheenvelopeofsinewaveplusnoiseafter
passagethroughawide-bandfilter, limiterand
narrow-bandfilter....

FREQUENCYMODULATIONTECHNIQUESAS
APPLIEDTOPULSEDOPPLERRADAR

G.R.Hetrich,IREIntern.Conv.Rec.,Pt.5,
vol.5, March1962,p• 76/86.

• . . Twomethodsoffrequencymodulating
thetransmittedcarrierfor rangingpurposesare
consideredforatypicalPulseDopplerradar•
• • . linearFMandsinusoidalFM....

TRANSMISSIONOFF.M. SIGNALSTHROUGH
LINEARFILTERS

D.T. Hess,Proc.Nat.ElectronicsConf.,
vol.18,Oct.1962,p. 469/476.

• . . theresponseofa linearfilter toanF.M.
signalisderived.... expressedasaclosed
formfunctionoftheinstantaneousfrequencyof
theinputwaveplusanerrortermonwhicha
tightboundiskept....

THEPIONEERIV LUNARPROBE:A
MINIMUM-POWERFM/PMSYSTEMDESIGN

B. D. Martin,JPL,Calif.Inst.of Tech.,

Pasasena, Calif., 15 March 1962, 76 p. incl.

illus., tables, refs., Tech. rept. no• 32-215,
AD 274 664.

• . . 2 typical FM/PM system design calcula-

tions are presented to illustrate the application of

the previously derived techniques.

FM STAR-LOCK SYSTEM USING MASK WITH

LINEAR SECTORS

E. K. Sandeman, IRE Trans. Aerospace Navig.

Electronics, vol• ANE-9, no. 1, March 1962,

p• 24/34•

• . . With misalignment . . . the output of the

photocell is frequency modulated• The resulting

FM wave is suitably processed to provide mis-

alignment signals along two axes ....

FM STAR-LOCK SYSTEM USING MASK WITH

SPIRAL SECTORS

E. K. Sandenmn, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no• 1, March 1962,

p. 35/47•

RADAR ALTIMETRY

S. H. Black, Sperry Engineering Review, vol.

16, Spring 1963, p. 38/43, A63-17585.

• . . FM-CW technique . . . the low-noise

FM-CW system will result in freedom from step

error, by providing continuous nonquantized

data output.

AN FM-CW ORBITAL RENDEZVOUS AND

LANDING RADAR SYSTEM

J. Hooper, et al., Conf. Proc. Natl. Cony.

Mil. Electronics, vol. 7, Sept. 1963,

p. 53/56.

• . . (1) . . . typical sensor data require-

ments for performing rendezvous in orbit and

landing from orbit, (2) describe an FM-CW radar

designed . . . for both of these functions . . .

(3) review the results of a research program

that has been directed toward solving the major

problems associated with building this radar.

• • •

SPECTRUM OF PERIOD-MODULATED
SINUSOIDAL OSCILLATIONS

L. Y. Ii'nitskiy, Radio Eng_g: Transl. of

Radiotekhnika, vol. 18, no. 6, June

1963, p. 1/5.

• . . A comparison is made with the spectrum

of a frequency-modulated signal. For RC oscil-

lators there exists a linear relationship between

the oscillation period T and the values of the

circuit elements the ma6mitude of which deter-

mines the period . . . The linear relationship

between the period and the parameters, the

magnitude of which can be varied by means of

the modulating voltage implies that for period-

modulation it is possible to have a large depth

of modulation without any nonlinear distortions.

• • •

SPECTRAL DENSITY DISTRIBUTION OF

SIGNALS FOR BINARY DATA TRANS-

MISSION

H. J. Pushman, J. Brit. Instn. Radio Engrs.,

vol. 25, no. 2, Feb. 1963, p. 155/165.

• . . It can be argued in the case of f.m. that

to avoid discontinuities in the waveform, the

signal can be generated by switching between

locked oscillators, and for a smooth transition

• . . a digit of the higher frequency must contain

an integral number of cycles more than a digit

of the lower frequency ....

PARAMETER OPTIMIZATION OF AN FM/FM

MULTICItANNEL TELEMETRY SYSTEM

D. H. Sapp, RCA Rev., vol. 24, no. 3, Sept.

1963, p. 381/390.

LA DISTORSION EN MODULATION DE

FREQUENCE (FM Distortions, Last Part)

(In French)

J. Schwob, Ann. Telecommn., vol. 17, March-

April 1962, p. 46/66, 27 refs.

• . . The various sources of distortion in FM

systems are discussed and graphs are given to

show typical saddle points by means of which

parameters can be selected to maximize the

signal-to-noise ratios ....

76
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1:233: PhaseModulation

Included:Analogpolyphasemodulation.

Not Included: Phase demodulators; Phase lock loops; Phase modulators.

Cross References: Digital phase modulation systems (Sect. 1.34); Phase distortions in transmission

systems (1. 626); Multiple modulation systems with phase modulation (Div. 1.9); Pulse phase

modulation = PPM (1. 442).

Principal Publications:

A NEW HORIZON IN COMMUNICATION THEORY-

THE POLYPHASE CONCEPT

A. A. Kunze, et al., Rome Air Development Center,

Griffiss AFB, New York, Tech. Note 58-6, Jan.

1958, AD 148 538.

THE GENERATION OF SINGLE SIDEBAND

CARRIER TELEPHONE CHANNELS BY

POLYPHASE MODULATION

J. R. Mensch, Rome Air Development Center,
Griffiss Air Force Base, N.Y., June 1958,

13 p., AD 148 773.

PHASE INTERCEPT DISTORTION

P. F. Ordung, Dunham Lab., Yale U., New

Haven, Conn., Oct. 1958, Quarterly progress

rept. no. 6, 8 Oct. 1958, AD 207 085.

• . . attenuation shall be constant and the

phase characteristic shall be a linear function of

frequency throughout the passband of

the message .... these conditions . . . are not

sufficient to guarantee that the transmission . . .

will be distortion free. An additional requirement

should be that the linear phase characteristic in

the passband when extended to zero frequency

shall have a phase angle intercept (or phase inter-
cept) that is a multiple of ,r radians. When the

phase intercept angle is other than a multiple of 7r

radians, a form of distortion, which is known as

phase intercept distortion, is obtained. (Author)

(See a!so AD _54 561).

DIE BEDEUTUNG DER 90 ° PHASENDREHUNG

BEI SPEZIELLEN MODULATIONSVERFAHREN

(The Meaning of the 90 ° Phase Shift in Special

Modulation Methods) (In German)
H. Schleisier, Hochfrequenztech. Elekt. Akust,

vol. 67, Sept. 1958; p. 42/48.

ANALYSIS OF A PHASE MODULATION COMMUN-
ICATIONS SYSTEM

R. L. Choate, Jet Propulsion Lab., Calif. Inst.

of Teeh., Pasadena, Oct. 1959, 9 p., Progress

rept. no. 30-21, AD 234 529.

A communication system is analyzed which

utilizes phase modulation (PM) and phase detection.
The analysis shows that when the total radio fre-

quency (RF) power level is significantly above the

receiver threshold, a margin of safety exists

which may be traded for additional signal-to-noise
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ratio (SNR) at the demodulated output of the

receiver. In this respect the PM system is

similar to FM Communication systems which

utilize an "FM improvement factor•" Several

examples are presented to indicate the magnitude

of the PM improvement factor when the signal

is a sine wave variable throughout the audio band.

A novel type of closed-loop phase detector is

suggested which is linear over a very wide range
of phase angles.

ANALYSIS OF A PHASE MODULATION

COMMUNICATIONS SYSTEMS

R. L. Choate, IRE Trans. Commun. Syst.,

Vol. CS-8, no. 4, Dec. 1960, p. 221/227.

NOTATIONS FOR BALANCED POLYPHOSE

(POLYPHASE) SYSTEM AND THEIR OPERA-
TIONAL METHODS• I. PROPOSITION ON

NOTATIONS FOR BALANCED POLYPHOSE

(POLYPHASE) SYSTEM

T. Takagi, et al., Rep. Res. Inst. Elect.

Commun., Tohoku Univ. (Japan), vol. 11, no.
1, 1959, p. 45/54.

Considers the relation between spatial and

electrical phase angle in a balanced polyphase

system .... a general notation is developed

for dealing with these systems .... Opera-
tional methods . . .

NOTATIONS FOR BALANCED POLYPHASE

SYSTEM AND THEIR OPERATIONAL

METHODS. II. OPERATIONAL METHODS

BY NOTATIONS FOR BALANCED POLY-

PHASE SYSTEM

T. Takagi, et al., Rep. Res. Inst. Elect.

Commun., Tohoku Univ. (Japan), vol. 11,

no. 3-4, 1960, p. 155/177.

Multiplication, addition and subtraction of

the systems . . . are derived by consideration

of the general term for the qth phase. The

authors conclude that the derived results con-

stitute the basic modulation and demodulation

theory of polyphase systems, and will be of use

in considering polyphase communication

systems ....
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GENERALPRINCIPLESOFPOLYPHASEVACUUM
TUBEOSCILLATOR

T. Takagi,etal•, Rep.Res.Inst.Elect•Commun.,
TohokuUniv.(Japan),vol.11,no.3-4,1960,
p°179/201.
Thetheory.., is extendedto a generalcon-

siderationof thepolyphasevacuumtubeoscil-
lator.... it is shownthatthereis amultiplicity
ofpossiblemodesandcorrespondingfrequencies.
Attentionis thengiventothephenomenonof
"frequencyjumping"inpolyphaseoscillators. . .
FinallythecircuitdiagramofanRC-coupledfive-
phaseoscillatorisgiven,andtheconditionsfor
oscillation,themodes and the corresponding
frequencies are calculated ....

BANDWIDTH AND SPECTRA OF PHASE-AND-

FREQUENCY-MODULATED WAVES

N. Abramson, IEEE Trans. Commun• Syst.,
vol• CS-11, no. 4, Dec. 1963, p. 407/414,
14 refs.

MINIMUM SIGNAL TO NOISE-DENSITY

RATIOS FOR TRANSMISSION OF TELETYPE

AND SPEECH

F. F. Yates, Aerospace Corp., E1 Segundo,

Calif., Engineering Div., Jan. i964, 12 p.,
refs., AD 429 202, N64-15825o

. • . requirements of a phase-modulation
communication channel o . .

Related Publications:

POLYPIiASE OSCILI.ATORS

A. S. Gladwin, Electronic Radio Engw., vol• 35,

Jan. 1958, p. 16/24.

PHASE-SHIFT KEYING IN FADING CHANNELS

H. B• Voelcker, Proc. Instn. Elect. Engrs.,

London, Part B., vol. 107, no. 31, Jan.
1960, p. 31/38.

THE PIONEER IV LUNAR PROBE: A MINI-

MUM-POWER FM/PM SYSTEM DESIGN

B• D. Martin, JPL, Calif. Inst. of Tech.,

Pasadena, Calif., 15 March 1962, 76 p.

incl. illus., tables, refs., Tech. rept. no.

32-215, AD 274 664.

• . . Use of phase-coherent techniques in

both the carrier and subcarrier channels pro-

duced a system capable of threshold performance
at two Moon distances . . .

THE USE OF PIIASE MODUIATIONS IN RADIO

NAVIGATION AIDS

C. R.N. Barnard, Electronics Research and

Development for Civil Aviation Conference,

London, Oct. 2-4, 1963, p. 197/200,
A64-12856.

Discussion of the use of phase modulated

transmissions in radio navigation systems. A

method is proposed which calls for simultaneous

transmission by Master and Slave stations on the

same frequency ....

THE STRUCTURE OF EFFICIENT DEMODULA-

TORS FOR MULTIDIMENSIONAL PIIASE

MODULATED SIGNALS

it. L. Van Trees, IEEE Trans. Comnmn. Syst.,
vol. CS-11, no. 3, Sept. 1963, p. 261/271.

Section 1.28

1.280: Various Other Analog Modulation Methods

Included: Velocity modulation of propagating waves; Hybrid modulation methods; Polarization modu-

lation; Modulation by nonlinearities in the propagation medium; Passive modulation techniques.

Not Included: Multiplexing of different channels with simultaneous AM and PM (2); Physics of

ionospheric interaction; Optical polarization modulators (3B)°

Cross References: PACM-FM modulation method (1. 934); Combined phase and amplitude modulation

in data transmission (1. 383).

Principal Publications:

COMI3INEI) AM AND PM FOR A ONE-SIDED

SPECTRUM

N. Chakrabarti, Proc. IRE, vol. 47, Sept. 1959,

p. 1663.

PERFORMANCE OF COMBINED AMPLITUDE

AND PflASE-MODUI_\TED COMMUNICA-

TION SYSTEMS

J. C. lIancock, IRE Trans. Commun. Syst.,

vol. CS-8, no. 4, Dec. 1960, p. 232/237.

SPECTRUM ANALYSIS IN AMI)I_ITUI)E-I)IIASE

MODULATION

L. E. V.liagin, Radio Engng: Transi of Radio-
tckhnika, vol. 15, no. 8, 1960, p. 96/106.

l). 96/106.

DISCUSSION OF "COMBINED AM AND PM FOR

A ONE-SIDED SPECTRUM"

Proc• IRE, vol. 49, no° 6, June 1961, p° 1094/1095.

TIlE ANALYTIC SIGNAL REPRESENTATION

OF MODUIx\TED WAVEFORMS

E. Bedrosian, Proco IRE, vol. 50, no. 10,

Oct. 1962, p. 2071/2076.

A C()HERENT DIGITAL AMPLITUDE AND

PIIASE MODULATION SCHEME

C. N. Campopiano, ct al., IRE Trans. Commun.,

Syst., vol. CS-10, no. 1, March 1962,

t)_ 90/95.

VELOCITY M()DUI_ATION OF PROPAGATING

WAVES

R. Landauer, Journal of Applied Physics, vol.

34, July 1963, p. 1893/1896, A63-18623.
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I_IVISION 1.3

DIGITAL MODULATION METHODS

This division is concerned with referenees to digital or discrete i_fformation transmission systems, generally

knovnl as data transmission systems. They are characterized by the availability of a finite number of clearly

distinguishable transmission states (waveforms) at the transmitter. Some are selected during each trans-

mission interval to express the desired information. If there are only two states and one is selected during

each interval, one speaks of a binary system. If there are more than two states and only one of them is

selected during each interval, the system is called a higher order data system, or an m-ary system. If

more than one state is selected during some or all of the intervals, one arrives at a multi-signal system, also

called a multi-digital system.

Section 1.31 deals with the analysis of such binary, higher order and multi-sig_lal systems, offering also

special subdivisions for the various classes of waveforms, which may be used in data transmission.

The other sections of this division deal with the different classes of modulation methods which are available

for carrying the selected signals or waveforms over band-pass transmission systems. These digital modula-

tion methods follow the same pattern as analog modulation methods, and are organized into amplitude,

frequency and phase modulation systems.

A section on special receiving problems and another one on particular hybrid transmission systems conclude
the division.

It is important to be aware of the fact that some data transmission systems combine the functions of waveform

generation and modulation, while others provide one subsystem for the generation of base-band signals and

another subsystem for the modulation of these signals on a subcarrier or a final transmission carrier. The

corresponding receiving functions may be likewise either combined or separated. Ilybrid designs with sepa-

rated functions at the sending terminal and combined functions at the receiving terminal or vice versa are
also in use.

This situation leads to an endless variety of possible desi_,ms and any attempt at a logical classification is of

dubious value. This is why the common analytical background of data transmission systems is presented in
section I. 31, while the individual, best documented operational systems are reported in other sections where

they are identified by the names of their promoters or by artificial names and classified according to their

principle modulation method.

One controversial point is the discrimination between, or the identity of, data transmission systems in the

above sense and of pulse code modulation systems. In this bibliography, the latter are arranged in a separate

division (1.5), the reason is their fundamentally different range of applications. Data transmission systems

are designed to accept any sequence of discrete, usually binary, input symbols. Pulse code modulation systems

are designed to accept analog input waveforms, to convert them to groups of digital symbols, to transmit

these discrete symbols with a minimum of errors and to re-assemble finally the analog waveform at the receiver

output. While this difference appears to be a rather significant one, it has to be recognized that the actual dis-

crete transmission system of a pulse code modulation (PCM) system is functionally identical with a data trans-

mission system. This is the reason why we concentrate in this bibliography in division 1.33, on the trans-

mission aspect of discrete signals and in division 1.5 on the quantization and coding problems of converting

analog irLformation to discrete symbols.

Between these two divisions falls the area of sampled modulation systems, also called pulse modulation sys-

tems or semi-analogtransmission systems. They are discrete in the time domain, by transmitting information

only at specified sampling instants, but they offer at each of these instants a continuous (analog) range for the

modulation of one or more transmission parameters. We deal logically with these systems in division I. 4,

following the data transmission systems but preceding PCMo

To complicate the situation further, it is necessary to realize that most operational data transmission sys-

tems, primarily telemetering systems, use simultaneously a large number of parallel channels, i.e. , they

are multiplex systems. The modulation frequently takes place in several subordinate levels, leading to

multiple modulation methods. Indeed, one can find today on a single space craft, for example on the Saturn

booster and the Apollo space craft, AM, FM, PhM in all possible combinations of time division and frequency

division multiplexing with a large variety of codes, data formats, subchannel bandwidths and other trans-

mission parameters.

To g_ide the reader through this complex multitude of system combinations, we have placed all references to

multiplexing, coding and detection systems in volume '2of this series. We concentrate all multiple modulation

methods in division 1.9 and we quote a large number of comparisons of single modulation methods in division

1.8.
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Section i• 30

1. 300:

Principal Publications:

THE CHALLENGE OF DIGITAL COMMUNICA-

TIONS

R. M• Fano, IRE Trans. Inform. Th. , vol. IT-4,

June 1958, p. 63/64.

Data Transmission Systems in General

Included: Digital data systems; Digital communications; High speed data transmission; Integrated

_iata systems; Discrete comrnunication systems.

Not Included: Telemetering systems; Digital control systems; Time division systems (2); Detection

theory for discrete systems (2).

Cross References: Sampled data systems (Div. i. 4); Pulse code modulation systems (Div. 1• 5);

Comparison of modulation systems (Div. i. 8); Multiple modulation systems (Div. i. 9).

• . . Orgasviaz' is a new kind of communica-

tion, realizing the transmission of information

over a distance, differing substantially from

telegrams, speech and images .... The
collection contains information about systems

and channel instrumentation of orgasviaz' as

used in USA, where the use of orgasviaz' is

widespread.
DIGITa.L COMMUNICATION SYSTEMS

R. L. Plouffe, IRE Nat. Conv. Rec., vol. 6,

no. 8, March 1958, p. 186/189•

The concept of an all-digital communication

system for the universal handling of all communi-

cation services is presented.

A NEW HIGH-SPEED DIGITAL TECIINIQUE

FOR COMPUTER USE

D. Eldridge, Proc. Instn. Elect. Engrs.,

London, vol 106, March 1959, p. 229/240.

RECENT PROGRESS IN At)PLYING INFORMA-

TION TltEORY TO I)iGITAL TRANS-

MISSION SYSTE MS

R.F. Filipowsky, Commun. Electronics, Jan.

1959, p. 848/855.

INTEGRATED DATA SYSTEMS

R.F. Filipowsldy, IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 95/101.

• • . Binary or quaternary sets of trans-

mission sigmals cannot achieve the ideal channel

capacity as long as decision systems have to
operate at 8-to-10-db "energy contrast" (E/N0)

for a sufficiently low error rate . . . Operating

with higher-order siglmling systems and applying

error-correcting codes are the two principles

which promise the largest increase in trans-

mission efficiency. All the rest of these ten

"Cardinal Principles" are discussed briefly.

DIGITAL TECIINIQUES APPLIED TO WORLD-

WIDE COMMUNICATIONS

W. Firestone, et al., Motorola Inc., Applied

Research Engrs Dept., Comm. & Indus.

Elcc. Div., May 1959, p. 1/15.

TttE PUSII FOR FASTER DATA TRANS-

MISSION

Lenkurt Demodulator, vol. 9, no. 2, Feb•

1960, p. 1/8.

MODULATION AND SIGNAL SELECTION FOR

DIGITAL DATA SYSTEMS

R. M• Lerner, Proc. Nat. Electronics Conf.,

vol• 16, Oct• 1960, p. 2/14, 28 refs.

The statistical decision model of a communi-

cation charmel is used to discuss a variety of

siglml modulation teclmiques intended to over-

come the problems met in the use of voice-band-

width clmnnels for high performance digital data

transmission. The importance of proper trans-

mission of timing and word-start information is

emphasized .... It is pointed out that in the

presence of additive white Gaussian noise, the

performance of such simple-wavcform systems

as AM, Phase Reversal, and FSK is the same

to within a few (lb. the implications of the fact

that thc channel noise is not Gaussian, but im-

pulsive in character are briefly explored•

DATA TRANSMISSION AND COMMUNICATIONS

E. Rechtin, et al., Jet Prol)ulsion Lab., Calif.

Inst. of Tech., Pasadena, 30 April 1960,

12 p. incl. illus., tables, Technical release

no. 34-55, AD 236 103•

• . . desigaas of several radio systems for

space communications exist. Within the next

scveral ycars, however, development of low
temperature receivers and attitude-stabilized

spacecraft will considerably change the picture.

• . . concerned with the desig_a parameters of

the spacecraft-to-Earth link which are most

affectcd by these recent events.

TEKIINIKA SVYAZI ZA ltUBEZIIOM (Foreign

Commmfications Technique) (In Russian)

Sviaz'izdat, M., Orgasviaz'., 1960, 98 p.

TIlE NEW MASS COMMUNICATIONS

H. Sherman, Proc. Nat. Electronics Conf.,

vol• 16, Oct. 1960, p. 1.

8O
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High speed data transmission as a new communi-

cations service is growing under our eyes into a

mass information exchange, second only to voice

communications as a major communications
service. . . .

LECTURES ON COMMUNICATION SYSTEM

THEORY

E. J. Baghdady (editor), New York, McGraw-

Hill Book Co., Inc., 1961.

• . . The book is essentially a collection of

papers resulting from the MIT summer program

(1959) on "Reliability Long-Range Radio
Communication." . . .

SURVEY OF DIGITAL COMMUNICATIONS

C. A. Deutschle, Hughes Aircraft Co., Culver

City, Calif., Rept. on 480L System, 15 April

1961, 386 p. incl. illus, tables, 7 refs.,

Rept. no. TR-1, ESD TDR 62-158, AD 276 176.

Discrete message types . . . Transmission

requirements and techniques . . . cryptography
. . . Transmission media . . . Error control

. . . Comparative evaluations . . .

TRUNK TERMINAL TELEGRAPH AND DATA

TRANSMISSION SYSTEM

H. Place, ITT Federal Labs., Nutley, N,J.,

July 1961, 135 p., AD 430 081.

A number of high speed data transmission

equipments (data modems), which were in the

development and early test stages eighteen

months ago, are now available in the industry.

. . . Characteristics of telephone transmission

line parameters and certain vagaries of the

telephone network itself are still restricting low-

error, high reliability performance at signaling

rates over 3000 bits per second .... detailed

equipment descriptions covering ten leading data

modems; data modem error performance test

results . . . updated data transmission

bibliography.

USAF 480L AIRCOM PROGRAM SYSTEM

DESIGN• VOLUME Ill. TRANSMISSION

SUBSYSTEM DESIGN

ITT Communication Systems, Inc., Paramus,

N.J., 3 June 1961, Rept. no. ICS-61-TN-2,
AD 258 527.

• . . presents transmission subsystems as

design modules. In categorizing and describing

these modules, these transmission subsystems

have been included that are now available or

potentially available within the 1961-1964

AIRCOM time period ....

INVESTIGATION OF DIGITAL DATA COMMUNI-

CATIONS SYSTEMS (PHASE 2 REPORT)

H. D. Becket, et al., Cornell Aeronautical Lab.,

Inc., Buffalo, N.Y., Rept. for Jan. 1961-

Jan. 1962, 20 Feb. 1962, 311 p. incl. illus.,

refs., Rept. no. UA-1420-S-2, RADC TDR

62-134, AD 276 847.
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• . . analysis of the degradation of the per-

formance of noncoherent binary FSK and carrier

keyed systems due to a frequency offset of the

received signal. The optimization of systems

operating over dispersive channels in the

presence of nonwhite, gaussian noise is treated

and the effects of medium phase perturbations

on the performance of digital systems are

analyzed. Partial orderings of digital channels

specified by their transition probabilities are

also investigated.

WEAK SIGNAL COMMUNICATION TECHNIQUES

P. M. Dollard, et al., Bell Telephone Labs.,

Inc., Whippany, N.J., Interim rept., 1 May

1961-30 April 1962, AD 299 219.

DESCRIPTORS: . . . Communication theory

. . . Frequency-shift keyers, Frequency modu-

lation, Phase-locked communication systems . . .

INTRODUCTION TO AEROSPACE VEHICULAR

DIGITAL COMMUNICATIONS

L. B. Hallman, Jr., IRE Trans. Aerospace

Navig. Electronics, vol. ANE-9, no. 2,

June 1962, 57 p.

• . • a review of the papers contained in the

issue of the IRE Transactions on Aerospace and

Navigational Electronics . . .

A STUDY OF WRITTEN COMMUNICATION

(APPENDIX V- TEST MATERIALS)

F. H. Knower, Ohio State U., Research Founda-

tion, Final rept., Nov. 1962, 1 vol., Rept.

no. 4, vol. 3, RADC TDR 62-611, vol. 3,
AD 299 387.

Descriptors: Communication systems

• . . Air traffic control systems, Data trans-

mission systems . . . Teletype systems . . .

MODULATION AND SIGNAL SELECTION FOR

DIGITAL DATA SYSTEMS

R. M. Lerner, Commun. Electronics, vol. 80,

no. 58, Jan. 1962, p. 661/669, 33 refs.

. . . signal modulation techniques intended

to overcome the problems met in the use of

voice-bandwidth channels for high-performance

digital data transmission. The importance of

proper transmission of timing and word-start

information is emphasized .... Implications

of the fact that the channel noise is not Gaussian,

but impulsive in character, are briefly

explored ....

DIGITAL COMMUNICATIONS BETWEEN AERO-

SPACE VEHICLES AND STATIONS ON THE

GROUND

K. W. Otten, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no. 2, June 1962,

p. 58/66, 23 refs.
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• . • tutorial paper presents an introduction

to the problems of communications between aero-

space vehicles and stations on the ground• The

possible types of aerospace-to-ground communica-
tion links are described and classified according

to the mode of signal propagation and according to

obtainable range• The suitability of carrier fre-

quencies throughout the electromagnetic radiation

spectrum from very-low radio frequencies to

light frequencies is discussed for the various

types of links .... selection of modulation and

demodulation techniques • • . practical value of

digital coding. • . transmitter power require-
ment . • •

DATA TRANSMISSION INVESTIGATION

J• J• Tsimbidis, Motorola, Inc., Chicago, Ill•,
AD 272 958.

A study of digital data transmission over

existing military voice communications systems

is being made. Error measuring and recording
techniques are discussed. The amplitude and

delay characteristics of the AN/TCC-7 communi-

cations systems are included•

A SURVEY OF HIGtl SPEED DATA

COMMUNICATIONS

United Aircraft Corp., East llartford, Conn. ,

Report on Weather observing and Forecasting

System 433L., 22 June 1962, 20 p. incl.

tables, rept. no. WSC M-33, ESD TDR 62-217,
AD 283 924.

• • . teclmiques available . • . Developmental

techniques • . . developed to tile firm planning

stage are also considered .... a specific

example of a typical data transmission problem

is considered. The example assumed a message

of 277,220 computer words to be transmitted a

distance of 1300 miles twice daily, with 20
minutes allowed for each transmission. The

factors of cost, transmission time, and error

control are considered for several techniques to

provide sufficient clarification of what may be

achieved, and at what cost.

TRANSMISSION OF NUMERICAL INFORMATION

(In French)
M• Pol2et, Onde Electr., vol. 43, no. 431, Feb.

1963, p. i06/116.

• . . flexibility and many applications of trans-

mission systems using numerically coded data• . .

development of these systems . . . because of the

development of transistors which by their size and
their characteristics make it possible to construct

small devices.

COMMUNICATION AND RADAR--SECTION

A. GENERAL

R. Price, et al., IEEE Trans. Inform. Th.,
vol. IT-9, no, 4, Oct. 1963, p• 240/246,

146 refs.

• . . digital communication and radar,

particularly from the point of view of detection

and parameter-estimation theory ....

SAMPLED DATA MODULATION SYSTEMS

R. Sanders, (IN: Space Communications, Edited

by A. V. Balakrishnan, New York, McGraw-

Hill Book Co., Inc.), 1963, p. 104/122,

A64-11236.

Survey of three classes of modulation tech-

niques: (1) that which transforms a signal
waveform into some continuously variable modu-

lation parameter where no sampling or time

quantization of the signal source is performed

prior to modulation; (2) that involving continuously

variable modulation parameters; and (3) that

commonly referred to as any general method of

digital transmission . . . Included . . . synchron-

ization requirements in class (2) modulation sys-

tems; PCM systems; bandwidth requirements for

PCM systems; error correction and detection

methods in PCM systems; and orthogonal systems•

Related Publications:

SECURE COMMUNICATIONS, A BIBLIOGRAPHY

North American Aviation, Inc., Downey, Calif.,

Rept. for 1956-1962, 19 April 1962, 35 p.,

Rept• no. SID 62-518, AD 282 471.

STUDY OF A/G COMMUNICATION SUBSYSTEM

FOR W-47 METEOROLOGICAL SYSTEM

ITT Communication Systems, Inc., Paramus,

N.J., 15 Feb. 1963, 69p., Rept. no. ICS-

63-TR-139, AD 298 567.

Descriptors: Data transmission systems,

Air-to-surface, Frequency-shift keyers, Coding,

Itigh frequency.

Section 1.31

Analysis of Digital Modulation Methods

Definitions for binary, higher order and multi-signal data systems have been offered in the comment to this

division• These fundamental classes of systems are covered in the second, third and last subdivision of this

section. The first subdivision contains many references to the special signal theory of discrete waveforms.
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' This subdivision includes discussions of the so-called signal base or the bandwidth- time product of digital
waveforms• The characteristics of special elementary waveforms of pulsive nature, such as Gaussian, raised

cosine, or exponential signals are the subject of several papers in this first subdivision.

Signals of more complex waveforms are covered in the references of the fifth and sixth subdivisions•

The subject of the fourth subdivision is the use of binary sequences, primarily the so called PN (pseudo noise)
or m (maximum length) sequences, in advanced digital communications systems• The practical application of
these methods leads to the coded phase coherent data systems of subdivision 1• 345. These systems are gain-
ing importance in communications links of deep space probes. The associated mathematical coding theory will
be discussed in volume 2.

1• 311: Signal Theory of Digital Waveforms

Included: WT product of digital waveforms; Bandwidth time product; Band-limited functions; Time-
limited functions; Prolate sphersidal wave functions; Dipulse; Harmol_ic exponentials; Orthogonal
function expansions of waveforms Gaussian signals; Orthonormal exponentials; Impulsing of linear

networks; Elementary signals; Spectra of digital waveforms.

Not Included: Waveform generators; Pulse generators.

Cross References: Signal theory in general (Sect. 1.14); Orthogonal sets of signals (1. 315); Spread
spectrum waveforms (1• 316)•

Principal Publications:

THEORETICAL FUNDAMENTALS OF PULSE
TRANSMISSION

E.D. Sunde, Bell Syst. Teeh. J., May 1954,
p. 729.

MAXIMUM NUMBER OF SIGNALS OF FIXED
TOTAL ENERGY AMONG WHICH A

DISCRIMINATION TO WITHIN ¢ CAN BE
MADE IN THE PRESENCE OF WHITE
GAUSSIAN NOISE

P. Bethoux, Compt. Rend• Acad. Sei., Paris,
vol. 247, Aug• 1958, p. 573/575•

A CODER FOR HALVING THE BANDWIDTH
OF SIGNALS

A.R. Billings, l=Toe. InStil. Elect• Engrs.,
London, Part B, vol. 105, March 1958,
p. 182/184•

• • . the scale of numbers must beincreasedto

n 2. Two adjacent samples are specified uniquely

by a one-digit number in the scale of n2•

USE OF LAGUERRE FILTERS FOR REALIZA-
TION OF TIME FUNCTIONS AND DELAY

A.K. Choudhury, et al., Indian J• Phys.,
vol• 32, May 1958, p• 205/211•

83

RE PRESENTATION AND ANA LYSIS OF SIGNALS.
PART I. THE USE OF ORTHOGONALIZED
EXPONENTIALS

W.H. Huggins, Johns Hopkins U. School of
Engineering, Baltimore, Md•, Nov. 1958,
76 p., (Rev• of Rept. no• AFCRC TR-57-357,
AD 133 741), AD 208 133.

• . . construction of an orthonormal-filter for

measuring the signal coordinates relative to an
orthonormal basis constructed from any pre-
scribed set of expotentials by Kautz _ method, is
described .... a small alphabet of damped ex-
ponentials are capable of approximating a variety
of waveforms with surprisingly good fidelity.

RE PRESENTATION AND ANALYSIS OF SIGNALS.
PART If. AN ORTHONORMAL FILTER FOR
EX PONENTIA L WAVE FORMS

D.C. Lai, Johns Hopkins U., School of Engrg.,
Baltimore, Md., June 1958, 49 p., AD 152 443.

A newly designed device is described which will
generate sets of orthonormalized exponential
functions.

REPRESENTATION AND ANALYSIS OF SIGNALS•

PART III: SIGNAL REPRESENTATION USING
DIRAC'S NOTATION

D.C. Lai, Johns Hopkins U., School of Engineer-
ing, Baltimore, Md., Oct. 1958, 71 p.,
AD 160 869.

• . . New compact symbols and operators are
applied to the 4 usual operations to represent

their mathematical counterparts (sifting, tilding,
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convolution and multiplication) .... various

experimental processes used in analyzing

signals .... Familiar time-domained fre-

quency-domain representations of a signal are

discussed in detail, and it is shown that a dis-

crete basis may be used for representing

signals and systems .... An example of a

complete basis, 2-sided ortho-normal ex-

ponentials are used to represent an arbitrary

2-sided and a general operator•

MOMENTS OF ANALYTIC SIGNALS

R•A. Silverman, IRE Trans. Circuit Theory,

vol. CT-5, March 1958, p. 84/85•

"SIGNAUX TYPES" ET REGIMES TRANS-

ITORIES EN TELEVISION (Typical

Signals and Transients for Television)

(In French)
L. Bourassin, L'Onde Electr•, vol. 39,

Jan. 1959, p• 7/31.

GAUSSIAN-RESPONSE FILTER DESIGN

M. Dishal, Elect. Commun. vol. 36,

no. 1, 1959, p. 3/26.

Filters having a gaussian response shape

are useful in pulse systems because of the small

under- and overshoots or ringing they produce

following rapid signal changes• This paper

gives a resume of the magnitude, phase, impulse

response, step response, and effective thermal

noise bandwidth of perfect gaussian filters• A

physically realizable approximation to the mag-

nitude characteristic is then given. The complex

frequency roots of this approximation (up to the

9th order) are supplied .... design stagger-

tuned systems, losslcss and uniformly lossy

filters resistively loaded on one end only, and

• • . resistively loaded on both ends . . . 7

tables . . . example• . .

UBER GEWISSE ASYMPTOTISCItE BEZIE-

ttUNGEN ZWISCttEN FREQUENZ UND

ZEITFUNKTIONEN (On Certain Asympto-
tical Relations Between Frequency

Response and Time Functions) (In German)

II. Dobesch, Nachrichtentech., vol• 9,

Jan. 1959, p• 13/18•

RE PRESENTATION OF COMPLEX SIGNALS

BY MEANS OF DAMPED OSCILLATORY

BASE FUNCTIONS

L• Dolansky, Gordon McKay Lab• of Applied

Sciences, IIarvard U., Cambridge, Mass.,

Aug• 1959, 42 p•, Scientific Rept. No. 59-1,

AFCRC TN-59-648, AD 232 538.

Traditionally, the more complicated com-

muuicatlon signals have been most often ex-

prcssed in terms of Fourier serics componcnts

or as time functions specified at a large number

of points. Such approaches arc usualIy mathe-
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matically complete and may be useful in many

respects; however, for good insight and simpli-

city of the associated equipment, they are often

inferior to approaches using components functions

more directly related to the process which gen-

erates the particular class of signals studied•

An orthonormal set of decaying oscillatory base

functions was obtained and the problem of ex-

pressing voiced speech sounds by means of a
small number of such functions, and of obtaining

their coefficients by measurements, was studied.

The experimental results indicated that an

analysis of the speech waveform into damped

oscillatory base functions and subsequent

synthesis within a good approximation is indeed

possible.

SIGNALS WITlt MAXIMUM AND MINIMUM

PROBABILITY OF DETECTION

V.A. KoteUnikov, Radio Engrg. & Electronics,

vol. 4, no. 3, 1959, p. 5/1i.

• . . the derivation of the extreme values

enables us to establish the limits within which

the signal form can affect the probability of its

detection .... represents all signal forms by

. . . mutually orthogonal functions in the in-

terval-T2, +T/2 . . .

UBER GRUDLAGEN DER TttEORIE ELEK-

TRISCttER SIGNALE (Fundamentals of the

Theory of Electrical Signals) (In German)

F. tI. Lange, Hochfrequenz . Elekt. Almst.,

vol. 68, May 1959, p. 25/35.

MEANS FOR COUNTING "EFFECTIVE" NUM-

BERS OF OBJECTS OR DURATION OF

SIGNALS (Correspondence)

R. Lerner, Proc. IRE, vol. 47, Sept. 1959, P.

1653.

• . . if a sigzml has approximate duration T

and approximate bandwidth W, it can be specified

by approximately 2 TW numbers or coefficients.

In dealing with sigzlals of large time-bandwidth

product, it is customary to speak of the "effec-

tive" number of degrees of freedom as the num-
ber of these coefficients that are "sufficiently"

large. Except in the case of band limited signals,

however, no means of computing the "effective"

number of degrees of freedom has been suggested.

TttE REPRESENTATION OF SIGNALS

R.M. Lerner, IRE Trans. Circuit Theory, vol.

CT-6, May 1959, p. 197/216.

lie PRESENTATION AND ANALYSIS OF SIGNA LS.

PART IV. ON TItE USE OF GROWING tIAR-

MONIC EXPONENTIALS TO IDENTIFY

STATIC NONLINEAR OPERATORS

tl.J. Lory, et al., Johns Hopkins U. School of

Engdneering, Baltimore, Md., May 1959, 7 p.

(Rept. no. AFCRC TN 58-559), AD 160 8680
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• IMPULSING OF LINEAR NETWORKS IN IN-

TEGRATED DATA SYSTEMS

G• K. MeAuliffe, IRE Trans. Commun.

Syst., vol• CS-7, no. 3, Sept. 1959,

p. 189/194•

Waveforms useful in data transmission

may be obtained by impulsing suitable linear

networks, and these same networks may be

used, in certain eases, as receiving matched

filters. A filter design for certain low-pass

waveforms is described, together with a pro-

cedure for realizing band-pass analogs of these

low-pass waveforms. The latter avoid the use
of modulators ....

THE AUTO AND CROSS CORRELATION FUNC-

TIONS OF ELEMENTARY WAVEFORMS

E•I. Muehldorf, et al., 1959 Nat'l Conf. Prec.

Aeron Electronics Coal, May 1959,
p. 232/239.

METHOD OF OBTAINING AMPLITUDE AND

PHASE SPECTRA OF A TRANSIENT

FUNCTION USING GRAPHICAL INPUT

DATA

W.J. Remillard, J. Acoust• See• Am.,

voI. 31, April 1959, p. 531/534•

each consecutive term proves to be considerably

less than the preceding one, which permits the

use of approximate methods when using this

series (for example the small parameter method).

COMPUTATION OF AN EXPRESSION FOR THE

FREQUENCY SPECTRUM OF A TWO-SIDED
SIGNAL

T•A. Bickart, IRE Trans. Electronic Computers,
vol. EC-9, no• 2, June 1960, p• 263/264.

CONCERNING THE IMPORTANCE OF MOMEN-

TUMS FOR TIME AND FREQUENCY FUNC-

TIONS (In German)

H• Dobesch, et al., Naehrichtentechnik, vol• 10,

June 1960, p. 240/246.

COSINE-CUBE PULSES

M.S. Gurevich, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 5, 1960, p.

91/96.

• . . pulses formed by the law of the third

power of the cosine, termed "cosine-cube pulses"

• . . experience more rapid diminution in out-

of-band radiation when the frequency increases

and they have "less time to rise" ....

Both amplitude and phase spectra are

needed to characterize transient functions

completely• Analysis shows how these

spectra can be obtained from the envelopes

of the line spectra of the even and odd parts

of a transient function made to recur in time.

Instrumentation is described for the convenient

determination of these line spectra.

ON THE ACCURACY OF RESTORING A

FUNCTION WITH A FINITE NUMBER OF

TERMS OF A KOTEL'NIKOV SERIES

B.S. Tsybakov, et al., Radio Engrg. Elec-
tronics, vol. 4, no. 3, 1959, p. 274/275•

In various problems of radio communications

and telemetering the following question arises.

There is an unknown function f(t) with a bounded

spectrum (frequency spectrum 6 (w) of the func-

tion f(t) which does not include, for example,

frequencies higher than W. An approximate

value for f (t) is required in some finite time

interval (-T, T), knowing only the consecutive

sample values of the function through the time
intervals & t < 1/W.

THE ANALYTICAL REPRESENTATION OF A

TIME FUNCTION WITH AN UNLIMITED

SPECTRUM

I.T. Turbovich, Radio Engrg.,vol. 14, no. 3,
1959, p. 30/36.

• . . in the form of the sum of time functions

with a limited spectrum . . . In the series of

functions obtained, the mean square value of
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SINE-SQUARED PULSES IN TELEVISION SYSTEM
ANALYSIS

R. Kennedy, RCA Rev., vol. 21, no. 2, June

1960, p. 253/265.

The development of sine-squared pulse testing

as it has occurred in Europe is traced, followed

by a comparison of Heaviside step versus sine-

squared pulse spectra and their effect on a sys-

tem. The methods of pulse generation are next

presented• The methods of testing various por-

tions of system bandwidths by use of shaped bars,

T, and 2T pulses are discussed. Rating factors,

time-series computations, envelope delay, and

linearity testing are also considered ....

BRIEF COMMUNICATIONS RECOGNITION OF

CONTINUOUS SIGNALS

A.A. Kharkevich, Radio Engng: Transl. of

Radiotekhnika, vol. 15, no. 10, 1960, p.

i2/i5.

• . . representation of a signal (in the form of

a continuous function over a finite interval) as one

or several numbers, and the optimum (from the

point of view of distinguishing the signals from

the set) selection of these numbers ....

ON A NEW THEORY OF THE LIMITATION OF

THE SIGNAL SPECTRUM (In French. )

J. Oswald, Cables et Transm., vol. 14, no. 4,

Oct. 1960, p. 249/261.

• . . The basic idea of the present work is the sub-

stitution of a distributed function for the continu-

ous functions {linear network operators) generally
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used for representing signals• This results
naturally from the theory of sampling ....

DESIGN PROBLEMS IN PULSE TRANSMISSION

D•W. Tufts, Research Lab. of Electronics,
Mass. Inst. of Tech•, Cambridge, Doctoral

thesis, 28 July 1960, 48 p., 24 refs., Tech-
nical rept• no• 368 , AD 259 772.

Criteria for determining optimum pulse

shapes for use in a synchronous pulse trans-
mission link are proposed and compared•
Formulas for the optimum pulses are pre-
sented, and calculations are carried through

in examples. In a secondary problem, we
present methods for calculating optimum
interpolatory pulses for use in reconstructing
a random waveform from uniformly spaced
samples• The results provide a generalization

of the sampling principle•

BEMERKUNGEN UND ERGANZUNGEN ZUR
KUPFMULLERSCHEN EINSCHWING-

FORMEL (Remarks and Additional Notes to
the Transient Formula of Kuptmuller) (In

German)
G. Wunsch, Hochfrequenztech. Elekt. Akust.,

vol. 69, no• i, Feb. 1960, p° 35/39.

A GENERAL METtIOD FOR CONTROLLING
THE TIME AND FREQUENCY ENVELOPES
OF FM SIGNALS

E•N. Fowle, Lincoln Lab., MIT Lexington,
5 June 1961, 13 p. Rept. 41G-0008, AD
258 055.

• . . The method applies when the product of the
function's time duration and its frequency ex-

tent is large .... extending the previous
technique which required that one envelope or
the other be rectangular.

ANALOGRECHENSCHALTUNGEN FUR DIE
ENTWICKLUNGSKOE FFIZIENTEN
NACH ORTHOGONA LFUNKTIONEN

(Determination of the Coefficients of Ex-
pansions into Orthogonal Functions by
Analog Computers) (In German)

R. Herschel, Elektron. Rechenanlagen,
vol. 3, no• 5, May1961, p. 212/217.

A METHOD OF DIGITAL SIGNALLING IN THE
PRESENCE OF ADDITIVE GAUSSIAN
NOISE

L. Kurz, IRE Trans. Inform. Th., vol. IT-7,
no. 4, Oct• 1961, p• 215/223, 23 refs.

• . . It is shown that efficient codes perform
better than equidistant codes ff the noise is

nonwhite; i. e•, properly chosen waveforms
are more efficient than binary coding ....
The detection scheme used does not require

estimation of the signal or the noise levels
at the receiver and is thus independent of

fading.
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PROLATE SPHEROIDAL WAVE FUNCTIONS,
FOURIER ANALYSIS AND UNCERTAINTY -II

H.J. Landau, et al•, Bell Syst. Tech. J•,
vol. 40, no• 1, Jan. 1961, p. 65/84.

The theory developed in the preceding paper is

applied to a number of questions about time-
limited and bandiimited signals• In particular, if

a finite-energy signal is given, the possible pro-
portions of its energy in a finite time interval and
a finite frequency band are found, as well as the
signals which do the best job of simultaneous time

and frequency concentration.

ON THE DISCRETE REPRESENTATION OF A

SIGNAL LIMITED IN TIME
V• V• Lebedev, Radio Engng: Transl. of Radio-

tekhnika, vol. 16, no. 1, 1961, p. 69/74, 13 refs.

The author discusses an interpolation function

differing from that used by V.A. Kotel'nikov for
the representation of a signal limited in time by
a series of discrete values. He considers the

relationship of the obtained series with the Kotel'-
nikov's series, the errors associated with ex-

pansion, and the characteristics of spectral
representation ....

COMPRESSION, FILTERING, AND SIGNAL-
TO-NOISE RATIO IN A PULSE-MODULATED
SYSTEM

E.A. Mareatili, Bell Syst. Tech. J., vol. 40,
no• 5, Sept. 1961, p. 1421/1453.

• . . Some aspects of the transmission of
Gaussian pulses in a frequency-division multiplex

system have been calculated.

PROLATE SPHEROIDAL WAVE FUNCTIONS,
FOURIER ANALYSIS AND UNCERTAINTY - I

D. Slepian, et al•, Bell Syst. Tech. J., vol•
40, no. 1, Jan. 1961, p. 43/63.

A complete set of bandiimited functions is des-
cribed which possesses the curious property of

being orthogonal over a given finite interval as
well as over ( - co, co). Properties of the func-
tions are derived and several applications to the

representation of signals are made.

ASYMPTOTIC METHODS IN LINEAR RADIO

ENGINEERING (In Russian)
D• Ye. Bakman, Moscow, Soviet Radio Press,

1962, 246 p.

• . . for calculating the action of complex

signals upon linear and quasilinear elements in
radio equipment .... a powerful and quite

rigorous mathematical apparatus that is physically
intuitive• The application.. • to concrete prob-
lems of modern radio engineering permits the

• . . calculation of the spectrum of 40 oscillatory

signals . . • analyzing transients in FM . • •
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• RADIATION INCORPORATED SIGNALING SYSTEM

STUDY

D.D. Baxter, Radiation Inc., Orlando, Fla.,

Special rept., 1 June 1961-31 May 1962,

31 May 1962, 98 p. incl. illus.,48 refs.,
AD 283 320.

• . . almost exclusive attention is given to

the dipulse (a single cycle of a sine wave) and

tripulse (the matched filter response to a

dipulse). The spectra of the signals are dis-

played and the concept of the matched filter is

discussed and applied as the optimum detector

for the sigzmls in question.

THE ANALYTIC SIGNAL REPRESENTATION

OF MODULATED WAVEFORMS

E. Bedrosian, Proc. IRE, vol. 50, no. 10,

Oct• 1962, p• 2071/2076.

• . . a rather general and mathematically

convenient formulation of analog-modulated

signals which makes use of the analytic signal

concept• Known types of modulation are

readily identified as special cases ....

THE GENERATION OF PULSE-LIKE FUNCTIONS

BY MEANS OF LUMPED EQUIVALENTS OF
DELAY LINES

N.B. Chakraborti, Proc. Insin. Elect. Engrs.,

London., (Part C), vol. 109, no. 15, March
1962, p. 117/125, 12 refs.

EFFECTS OF PHASE-MODULATION ERRORS

ON PULSE COMPRESSION SIGNALS

C.E. Cook, IRE Intern. Conv. Rec. Pt. 4,

vol. 10, no. 4, March 1962, p. 174/184.

• . . Paired-echo theory has been used to
describe the effects of network and time-

function distortions (both amplitude, and phase)

of pulsed signals. The advent of coded-wave-

form techniques (e. g., pulse compression) that

generate waveforms having sidelobes extending
in time has led to the application of paired echo

theory in the establishment of design criteria

for modern radar techniques. This paper intro-

duces somewhat more general conditions into the

paired echo analysis as a basis for conducting

experimental work on the effects of phase-error

modulation of the time signal in a pulse compres-
sion system ....

BESSEL FUNCTIONS AND ORTHOGONAL

POLYNOMIALS AS TRANSFER AGENTS

IN COMMUNICATIONS SYSTEMS

Ya. A. Dubrov, Referativnyy zhurnal.

Matematika, no. i0, 1962, p. 56 abstract

IOV280, (In collection: Avtomat. kontrol'i

_merit. teldm, no. 5, Kiyev, AN USSR,

1961, p. 46/54), AD 400 791.

REPRESENTATION AND ANALYSIS OF

SIGNALS PART XII. THE DESIGN OF

PURE SYSTEMS

W. H° Huggins, Johns Hopking U., Baltimore,

Md., Oct. 1962, 159 p., AD 411 401.

In this final report, the accomplishments of

a research program on representation of signals

are surveyed and briefly summarized.

SPECTRA AND ANALYSIS (In Russian) (Fourth

Edition)

A.A. Kharkevich, Moscow, Fizmatgiz, 1962,

236 p.

The monograph deals with a selection of

spectral representations used in the theory of

oscillations, acoustics, and radio engineering
. . . aims to widen the theoretical horizons of

engineers working in the fields of radio and

acoustics ....

SIGNAL SPACE, MODULATION, AND
BANDWIDTH

J.M. Kirshner, Conf. I>roc. Natl. Conv. Mil.

Electronics, vol. 6, June 1962, p. 149/153.

The concept of signal space allows one to apply

geometric principles to waveforms used in com-
munication. Its use enables a number of interest-

Ing conclusions to be drawn .... 2. Ortho-

gonality of Functions . . . 3. Modulation, De-

modulation, and the Sampling Theorem . . .

4. The Sampling Theorem and Separation of

Channels . . . 5. Noise and Channel Capacity
• . . 7. Rotation of Coordinates and the Num-

ber of Independent Channels . . . 8. Ortho-

gonality of Gaussian Noise Signals ....

PROLATE SPHEROIDAL WAVE FUNCTIONS,
FOURIER ANALYSIS AND UNCERTAINTY -

IIh THE DIMENSION OF THE SPACE OF

ESSENTIALLY TIME- AND BAND-LIMITED

SIGNALS

H.J. Landau, et al., Bell Syst. Tech. J., vol.

41, no• 4, July 1962, p. 1295/1336.

The purpose of this paper is to examine the

mathematical truth in the engineering intuition

that there are approximately 2WT independent

signals cpi of bandwidth W concentrated in an in-

terval of length T. Roughly speaking, the result

is true for the best choice of the ¢Pi (prolate

spheroidal wave functions), but not for sampling
functions (of the form sin t/t) ....

KORRE LA TIONSE LE KTRONIK. GRUNDLAGEN

UND ANWENDUNG DER KORRE LATIONS-

ANALYSE IN DER MODERNEN NACH-

RICHTEN-, MeB- UND REGELUNGSTECHNIK;

(2 Aufl. ) (Correlation Electronics. Funda-

mentals and Application of the Correlation An-

alysis in Modern Communications and Control

Technique (2nd Edition) ) (In German)

F.H. Lange, Berlin, Verlag Technfk, 1962,

381 p.
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SURLALIMITATIONSPECTRALEETLA
FREQUENCEINSTANTANEEDES
SIGNAUX(OntheSpectralLimitationand
the InstantaneousFrequencyofSignals)
(InFrench)

J. Oswald,IRETrans.Inform.Th., (Intern.
Syrup.Brussels1962),vol. IT-8,no.5,
Sept.1962,p. 275/282.

THESPACEOFESSENTIALLYTIME-AND
BAND-LIMITEDSIGNALS

H.O•Pollak,Proc.Nat.ElectronicsConf.,
vol.18,Oct.1962,p. 774.

ORTHONORMALEXPONENTIALS
D.C.Ross,I>roc.Nat.Electronics

Conf.,vol.18,Oct.1962,p. 838/849.

A generalizationoftheKautzmethodof
orthonormalizingagivensetofexponentials
is described.Thegeneralizedorthonormal
exponentialsprovideflexibilitywhichmaybe
usedtodesignbasesoflowerdimensionality
in somesignalrepresentationapplications
thanwouldberequiredbytheearliermethod.

SOMEPROPERTIES OF THE FINITE

CONVOLUTION

J.A. Sheehan, Mitre Corp., Bedford, Mass.

17 July 1962, 26 p., 9 refs. (Technical

memo. no. TM-3346} (ESD TDR 62-315),

AD 291 868.

. . • In this paper, we shall impose upon

r(tau) and f(t) the restriction that they arc
members of the class of functions on compact

support, that is, functions which vanish out-
side finite intervals of the tau- or t-axis.

Our main results are a set of existence and

uniqueness (or non-uniqueness) theorems on

the solution of r(tau) in short functions. A

short function is, of course, simply the

Fourier transform of a band-limited signal,
and a short auto-correlation function is

simply the Fourier transform of the square

of the envelope of a band-limited signal.

(No Title}

T. Y• Young, et al., Johns Hopkins U.,

Baltimore, Md., 6 Nov. 1962, 9 p.,
AD 411 370.

Digitizing the orthonormal exponentials

with complex exponents are discussed.

DISCRETE ORTHONORMAL EXPONENTIALS

T.Y. Young, et al., Proc• Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 10/18.

. • . deals with digitizing the orthonormal

exponentials with complex exponents. The z-
transforms of continuous orthonormal ex-

ponentials are not themselves orthogonal in

z-domain.. • For this reason, we introduce

the Kautz process in the z-domain to define

a set of discrete orthonormal exponentials.
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These discrete orthonormal exponentials approach

the ordinary continuous orthonormal exponentials
in the limit as the sampling interval T approaches

zero.

'COMPLEMENTARY' SIGNALS AND ORTHO-

GONALIZED EXPONENTIALS

T.Y. Young, et al., IRE Trans. Circuit Theory,

vol. CT-9, no. 4, Dec. 1962, p. 362/370, 14 refs.

• . . When a signal is approximated by a finite

set of component signals which span a subspace

. . . the least-square approximation may be

interpreted geometrically in signal space as the

projection of the true signal vector upon this
finite dimensional subspace. In case the com-

ponent signals are one-sided exponentials, the

projection operators may be realized by simple

physical filters following Kautz' procedure for

constructing orthogonalized exponentials.

The purpose of this paper is to describe the

'present-instant' error, the 'complementary'

signal and the 'complementary' filter which are

sueful concepts in approximating a signal by one-

sided exponential components.

SIGNAL SE LECTION IN COMMUNICATION AND

RADAR SYSTEMS

T.L. Grcttenberg, IEEE Trans. Inform. Th.,
IT-9, no. 4, Oct. 1963, p. 265/275•

A criterion for selecting a finite set of trans-

mitter signals for a continuous communication

channel is proposed. The "optimum" signal

sets using this criterion are selected to maxi-

mize the minimum divergence between hypothesis

pairs being tested at the reveiver ....

REPRESENTATION AND ANALYSIS OF SIGNALS.

PART XVII. REPRINTS ON SIGNAL THEORY

Johns Hopkins U., School of Engineering, Balti-

more, Md., Final rept• 30 Nov. 1963, lv.,

AD 431 162

• . . reprints of a group of published papers

reporting some of the main accomplishments

under the program .... four appendices . . .

(I) . . . names of those who have contributed to

this program: (II) abstracts of all technical re-

ports . . .(III) list all relevant papers . . .

(IV) summarize lectures and talks.

SEISMOLOGICAL APPLICATIONS OF ORTHO-

GONAL FUNCTIONS EXPANSIONS

United Electrodynamics, Pasadena, Calif.,

Semi-annual technical summary report,

28 Feb. 1963, 10p., 5 refs., AD 401 029.

Rayleigh waves form shots and earthquakes re-
ceived at distant seismic stations are often short

enough so that a Lagmerre series of a few dozen

terms can adequately represent them. This

report shows such an example, describes how an

analog computer can form the orthogonal expan-

sion and digitize the coefficients automatically



1.311

• . . . example of the frequency spectra computed
from such an orthogonal expansion. A set of

complex pole orthogonal functions with Q's of 4

covering the short period seismic band are used

for a time varying power spectrum analysis of

seismic noise and signals. In addition, rela-

tions between Legendre polynomials for which

zeros and integrating coefficients are known and

generalized orthogonal functions are described.

SELECTION OF SIGNALS FOR SPACE-

VEHICLE COMMAND

E.J. Baghdady, ADCOM, Inc., Cambridge,

Mass• 1 June 1963, 68 p., (NASA CR-

55086), N64-12157•

• . . A survey of the types, requirements, and

techniques of command signal design . . . provides

a basis for conceiving and evaluating specific sig-

nals for special command purposes and provides a

guide for the classification of command signals.

A NOTE ON DIFFERENTIAL APPROXIMATION

AND ORTHOGONAL POLYNOMIALS

R• Bellman, RAND Corp., Santa Monica,

Calif., March 1963, 5 p., (Memo• no.

RM-3482:-PR), AD 299 487.

DISCRETE, FINITE REPRESENTATION OF A

LINEAR, STATIONARY SYSTEM

P.J. Butterly, Johns Hopkins U. Carlyle Barton

Lab•, Baltimore, Md•, May 1963, 50 p.,
6 refs., RADC-TDR-62-124 , AD 405 826,

N63-16919•

This report describes a linear system

representation suitable for use with signals

of finite dimensionality• This representation
takes the form of a matrix with elements which

depend both on the choice of signal basis and

on the transmission properties of the system
• • • transformation formulas are established

for a number of cases . . •

CONSTRUCTION OF TIME-LIMITED FUNC-

TIONS _VITII SPECIFIED AUTO-

CORRELATION FUNCTIONS

E. M• Hofstetter, IEEE Trans• Inform. Th.,

vol• IT-10, no• 2, April 1964, p. 119/
126.

AN ORTHOGONAL MULTIPLEXED COM-

MUNICATION SYSTEM USING MODIFIED

HERMITE POLYNOMIALS

S. Karp, et al., Proc• Intern. Telem.

Conf., vol. 1, Sept. 1963, p. 341/353.

• . . A pulsed multiplex system is outlined

which transmits orthogonal signals and features

excellent time bandwidth compression properties.

For nominal time-limiting and band-limiting,

the signals preserve orthogonality better than

comparable systems utilizing orthogonal sine or

Legendre polynomial waveforms• This system

generates as its basic signals modified Hermite

polynomials which form an orthonormal basis•

OPTIMUM USE OF SPACE-TIME SIGNALS

A.A. Kuriksha, (Radiotekhnika i Electronika,
vol. 8, April, 1963, p. 552/563.) Radio

Engineering and Electronic Physics, vol. 8,

April 1963, p. 595/605, 8 refs., Translation.

OPTIMIZATION OF SIGNAL WAVEFORMS

G. Lachs, IEEE Trans. Inform. Th., vol. IT-9,

no. 2, April 1963, p. 95/97•

TWO-DIMENSIONA L SIGNAL RE PRESENTA-

TION USING PROLATE SPHEROIDAL

FUNCTIONS

D.A. Landgrebe, et al., IEEE Trans. Commun.

Electronics, no_ 65, March 1963, p. 30/40,
13 refs.

• . • Two similar 2-dimensional signal repre-

sentations are defined for use in signal analysis

problems• The proposed procedure divides the

time-frequency plane into rectangles of arbitrary

length and width and assigns a certain portion of

the represented signal to each such rectangle.

Representations are based upon time-limited and

band-limited forms of the angular prolate

spheroidal functions for conceptual and mathe-

matical reasons. Applications and numerical

examples are provided .... (Abstract in l>roc.

Nat. Electronics Conf. 62 (18)-PNEC-10, 774).

GROWING EXPONENTIALS AS A PROBING

SIGNAL FOR SYSTEM IDENTIFICATION

S. Litman, Proc• IEEE, vol. 51, no. 6,
June, 1963, p. 917/923.

RE PRESENTATION AND ANALYSIS OF SIGNALS

PART XV MATCHED EXPONENTS FOR THE

REPRESENTATION OF SIGNALS

R.N. McDonough, John Hopkins U., Baltimore,

Md., 30 April 1963, 174 p., AD 411 431.

Approximation by sums of exponentials is con-

sidered from various points of view, such as the

time-domain approximation problem of network

synthesis . . . Prony's method for approximate

determination of the exponents is exhau_tivcly

reviewed in all its forms . . • The procedure is

illustrated for the continuous case, and extensions

to the discrete case are discussed.

NON-UNIFORMLY-WEIGHTED ORTHONORMA L

OVER-DAMPED EXPONENTAIL APPROXIMA-

TIONS

J.M. Mendel, Douglas Aircraft Co., Inc., Santa

Monica, Calif., Missile and Space Systems

Div., 7 Jan. 1964, 101 p., refs., SM-45777,

N64-17757.

THE IDENTIFICATION OF OVERDAMPED PRO-

CESSES IN THE TIME-DOMAIN

J. M• Mendel, Polytechnic Inst. of Brooklyn,

Microwave Research Inst., N. Y•, April 19,

1963, 151 p., 34 refs. (PIBMRI-1131-63).

89



1.311

• . . by means of exponential functions . . .
Particular attention is given to: (1) the choice

of a suitable error criterion... (2) the

choice of weighting functions . . . (3) the ex-

tention of the orthonormal exponential approxi-

mations of Kautz and Huggins to approximations

of any asymptotic-order in the s-domain.

OPTIMIZATION OF SIGNALS

F• C. Schweppe, Lincoln Lab•, Mass. Inst. of

Tech., Lexington, 16 Jan• 1964, 49 p.

Group rept. no. 64 4, ESD TDR 64 18,
AD 430 345•

A general theory is presented for the design

of optimum signal waveforms. Explicity con-

straints on the signal's energy, amplitude and

bandwidth are possible. The development is

based on optimum control theory and employs

the state variable concept with differential equa-

tions as basic models• Pontryagin's Maximum

Principle provides a two-point boundary value

problem whose solution gives the optimum

signal. A communication problem of deciding

which of M signals was transmitted and a radar

problem of deciding the range rate of a target

are used as examples•

THE STRUCTURE OF FUNCTIONS WITH A

LIMITED SPECTRUM AND RELATED

PROBLEMS IN COMMUNICATIONS TIIEORY

B• S• Tsybakov, et al., Joint Publications Re-

search Service, Washington, D• C•, 3 April

1963, 19 p, AD 404 929.

A NOTE ON BANDLIMITED FUNCTIONS

(Correspondence)

F. 'rung, IEEE Trans. Circuit Theory,

vol. CT-10, no. 2, June 1963, p. 275/
276.

• . . a bandlimited function .... can be

constructed from its sample values .... it is

sometimes desirable to find expansions of f(t).

• . . One may inquire into the possibility of

finding functions _n(t) . . . We shall restrict

ourselves to exploring functions that can be

generated from second-order ordinary linear

differential equations • . .

IMPROVEMENT IN GAUSSIAN SIGNAL
PERCEPTION BY DETERMINISTIC SIGNAL

INJECTION AND ItARMONIC-ZONE

DE TE C TION

A. Weiner, ct al°, Electronic Defense Lab.,

Mountain View, Calif., 8 Feb. 1963, 28 p.,
AD 4O4 476.

• . • perception of narrowband, Gaussian

signals . . . using a reference sine wave, a

stiff limiter, and a harmonic-zone filter

• . . The comparison of this new technique

with energy detection showed equal signal per-
ception at 3-db lower S/N ratios for pcrccption

probabilities greater than 0.5 at fixed false-

alarm probabilities of 1/1000, 1/10,000,

1/100,000 and 10 to the minus 6th power.

9O

ABBREVIATED REPRESENTATION OF SIGNALS -

BY MEANS OF SYSTEMS OF ORTHOGONAL

FUNCTIONS

A.M. Zayezdynyy, et al., Radio Eng-ng: Transl.

of Radioteklmika, vol. 18, no. ii,

Nov. 1963, p. 3/11.

. . . Abbreviated description means the repre-

sentation of assigned signals in the form of ex-

pansions in a new system of orthogonal functions
with a smaller number of terms. A method of

obtaining a new system of orthogonal functions
that provides an abbreviated representation of

assigned signals with least root-mean-square

error is given ....

Related Publications:

INFORMATION THEORY WITH AN ABSTRACT

ALPHABET

A. Perez, Theor. Prob. Appl., vol. 4, no. 1,

1959, p. 99/102•

Generalized Forms of McMillian's Limit

Theorem for the Case of Discrete & Continuous

Times •

PROB LE MS ENCOUNTERED IN WIDE-BAND

FREQUENCY MODULATION

D.D. Wilcox, lh-oe. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p° 173/181.

• . . recording of very wide-braid signals in

which the modulating frequency closely approaches

the carrier frequency ....

SIGNAL DETECTION IN A NOISY WORLD

W.H. ttuggins, Rand Corp., Santa Monica,

Calif., 3 May 1960, 82 p., AD 241 288.

• . . desigming an efficient signal analyzer

which will measure the principal components of

a signal ensemble so that each signal may be

adequately characterized by specifying the fewest

number of coordinates, thus simplifying the data-

processing problem ....

THE INTERPOLATION OF FUNCTIONS BY EX-

PONENTIA L POLYNOMIALS AND FIN APPLI-

CATION TO TIIE SYNTIIESIS OF ELECTRICAL

CIRCUITS WITI1 RESPECT TO TIME

CIIARACTERISTICS

N.S. Koehanov, Radio Eng_g: Transl. of Radio-

tekhnika, vol. 15, no. 8, 1960, p.

87/95.

AN EXPEllIMENTAL CONSTANT RESISTANCE

LINK AMI'LIFII_:ll FOIl PULSE AMPLIFICA-

TION

1t• S. McGaughan, et al., Cornell U. School

of Electrical Enginccring, Ithaca, N. Y.,

(Tech. rept. 57, Rescarch Rept. EE 479),

1 Sept. 1960, 24 p., AD 250 154.
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• . • provides a frequency characteristic, which

is approximately Gaussian in shape and which has

an impulse response of similar shape• Such
characteristics should be most useful in low-dis-

tortion pulse amplification•

THEORY OF A FREQUENCY-SYNTHESIZING
NETWORK

B.M. Wojciechowski, Bell Syst• Tech. J.,

vol• 39, no• 3, May 1960, p. 649/673.

• . . By the introduction of "sideband algebra"

and of a frequency symbolic network, the new
method offers formal design procedures in place

of intuitive ones.

DATA LINE TECHNIQUES

Armour Research Foundation, Chicago, Ill•,

1 April 1961, 458 p., 62 refs•, AD 263 144•

• . • a review of pertinent theoretical

material and a survey of _ire line digital

communication techniques to support sugges-

tions for improving channel utilization ....

anti-impulse noise techniques ....

INSTANTANEOUS SPECTRA AND AMBIGUITY

FUNCTIONS

M. J° Levin, Lincoln Lab., Mass. Inst• of Tech.,

Lexington, AD 723 239•

The definition of the instantaneous spectrum of

a waveform introduced by C• H. Page (J• Applied

Physics 23:103-106, 1952) is modified to take into

account past and future values of the waveform

symmetrically and is extended to complex signals.

The resulting function is the double Fourier trans-

form of the ambiguity functions and has other

interesting properties•

APPROXIMATION TO A SPECIFIED TIME

RESPONSE

W.C. Yengst, IRE Trans. Circuit Theory,
vol. CT-9, no. 2, June 1962, p. 152/162.

• . . Synthesis procedures have been developed

to solve the realization provided the transfer

function of the network can be expressed as a

rational fraction, i.e., the ratio of polynomials in

terms of the complex frequency variables having
real coefficients ....

AN INTERPRETATION OF "PAIRED ECHO

THEORY" FOR TIME-DOMAIN DISTOR-

TION IN PULSED SYSTEMS AND AN

EXTENSION TO THE RADAR "UNCERTAINTY

FUNCTION" (Correspondence)

J.V. DiFranco, et al., Prec. IRE, vol. 49,
Sept 1961, p. 1432/1433.

SPEKTRAL'NYE I FAZOCHASTONYE KHAR-

AKTERISTIKI IMPUL'SNYKH NULEVYKH

BIENII DLIA ODNOGO CHASTNOGO

SLUSHAIA (Spectral and Phase-Frequency

Characteristics of Pulsed Zero Beat for a

Special Case) (In Russian)

A.A. Abramian, Radiotekhnika i Elektronika,
vol. 9, Feb. 1964, p. 219/233. A64-17126.

THE PERFORMANCE OF AN INERT

DETECTOR FOR PULSES OF COMPLEX
SHAPE

I.A. Fastovskii, Radio Engng: Transl. of

Radiotekhnika, vol. 16, no. 5,

1961, p. 72/85.

A METHOD OF DESIGNING SIGNALS OF

LARGE TIME-BANDWIDTH PRODUCT

E.L. Key, et al., IRE intern. Cony. Rec•,

vol. 4, March 1961, p. 146/154.

• . . wherein the envelope shape and auto-

correlation function may both be separately

specified... The design problem hinges on

an integral equation, for which an approxi-

mate solution, valid for large time-bandwidth

products, is found by the method of stationary
phase . . .

THE GENERATION OF IMPULSE-EQUIVALENT
PULSE TRAINS

D.A. Huifman, IRE Trans. Inform. Th., (Intern.

Syrup. Brussels 1962), vol. IT-8, no. 5,

Sept• 1962, p. S10-16.

. . • An "impulse-equivalent" pulse train is

defined as one that yields, as closely as is
theoretically possible, the same autoeorrelation

function that a single pulse gives ....

DESIGN OF INPUT WAVEFORMS TO YIELD

TIME-LIMITED ORTHOGONAL OUTPUTS

J• B. Campbell, et al•, Northeastern U•, Boston,

Mass., March 1963, 59 p., 7 refs., N63-19808.

The following problem is posed• Given a time-

invaxiant, linear system, with impulse response

h(t), system function H(s), is there a set of input

signals which results in a set of output signals

that are orthogonal on a given interval of time ?

A SURVEY OF LITERATURE ON TECHNIQUES

AND INSTRUMENTATION FOR MEASURING

ELECTRICAL PULSE INTERVALS

B.A. Cryce, et al., Autonetics, Downey, Calif.,

28 Feb. 1963, iv., AD 403 137•

• . . bibliography . . . on rise time and width

range of very short electrical pulses. Emphasis

has been placed on how to measure time and peak

amplitude by accurate nanosecond measurements

• . . covers approximately a 12-year period with

most of the literature encompassing the last four

years.

A PULSE COMPRESSION SYSTEM EMPLOYING A

LINEAR FM GAUSSIAN SIGNAL

E.N. Fowle, et al., Prec. IEEE, vol. 51, no. 2,

Feb. 1963, p. 304/312.
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• . . includes . . • the detailed characteristics

of the signal, the sidelobe level of the receiver

output waveform (signal autocorrelation function),

the sensitivity of the sidelobe level to Doppler

frequency shift in the signal, and the relative

complexity of the equipment required to generate

and receive the signal•

SIMPLE FILTERS FOR PULSE TRANSMISSION

OVER RADIO LINKS

P. Gibbons, Signals Research and Development

Establishment (Gt. Brit.), March 1963, 20 p•

SRDE UDC 621 372 54, AD 409 497.

Five filters are studied to determine how

their properties affect the bandwidth and wave-

form of a transmitted binary pulse train. These

are the sine squared, two gaussian types, a

modified gaussian, and a very narrow filter with

nearly rectangular amplitude response• Com-
puted and experimental results are produced to

show that the modified or truncated gaussian

filter provide the best compromise between
bandwidth reduction and simplicity of construction.

GENERATION OF ERROR VECTORS

A• Kobos, Rome Air Development Center,

Griffiss AFB, N.Y., Sept. 1963, 10 p.,

(RADC-RAU-TM-6306), N63-23001.

• • . In experiments with digital data sources,

it is often required to generate a repeating digital

waveform whose period is a binary sequence• A

method is presented by which any arbitrary

waveform can be generated, using a minimum

number of shift register stages and standard

circuitry consisting of modulo-two adders,

multipliers, and inverters• The particular case

where the period consists of all possible binary

n-tupules is examined. This is of interest

because it contains all the error vectors which

may be added in transmission . . • The connec-

tions of this study with other mathematical dis-

ciplines (such as topology, directed graphs, and

state diagrams) are discussed•

COMMUNICATION AND RADAR--SECTION B.

(Radar Waveform Selection)
R• M• Lerner, IEEE Trans. Inform. Th.,

vol• IT-9, no. 4, Oct. 1963, p. 246/248.

THE PERFORMANCE EVALUATION OF

TELEVISION LINE AND MICROWAVE LINKS

USING SINE-SQUARED TEST TECHNIQUES

K.H. Ports, J. Brit. Instn. Ragio Engrs•, vol•

25, no. 4, April 1963, p° 357/376, 14 refs.

The principles involved in the use of sine-

squared pulse test techniques and the application

of this type of test to the assessment of the

linear transmission performance of television

line and microwave radio links are surveyed in

detail ....

SCATTER COMMUNICATION MODEI-*S FOR

SPACE VEHICLES

R.A. Scholtz, University of Southern Calif.,

Engineering Center, Los Angeles, Jan. 1964,

38 p., SSD TDR64 59, AD 433 717.

• . . Multipath communications are character-

ized by imperfect knowledge of signal waveforms

when they arrive at a receiver. Under the

assumption that this signal waveform is a sample

function of a Gaussian random process, a pulse-

amplitude-modulation communication system is

designed ....

OPTIMUM PULSE SHAPES FOR TRANSMITTERS

WHICtt ARE BOTH PEAK POWER LIMITED

AND AVERAGE POWER LIMITED

D.W. Tufts, et al., Cruft Lab., Harvard U.,

Cambridge, Mass•, 12 Nov. 1963, 16 p.,

TR 428, AD 434 875•

• . . an explicity formula is derived for the

input waveform p(t) which maximizes the output

waveform amplitude at a prescribed time instmlt.

The problem and the results are closely related
to the matched filter problem of radar theory and

the bang-bang problem of optimal control theory•

REPRESENTATION AND ANALYSIS OF SIGNALS.

PART XIV. TIME VARYING SYSTEMS WITH

SEPARABLE SYSTEM FUNCTIONS

L. Weiss, Johns IIopkins U., School of Engineer-

Lug, Baltimore, Md., 30 Jan. 1963, 94 p.,
AD 411 274.

The relationship of the differential equation of

a system to the system's weighting pattern (im-

pulse response) is discussed. The realization of

linear differential systems is discussed, and

some "tricks" regarding manipulation of the

position of function generators in an analog

computer type realization (without changing the in-

put-out relation) are presented . . .

1.312: Analysis of Binary Transmission Systems

Included: Randomly variable binary channels; Binary erasurc channel; Asymmetric binary

chmmels.

Not Included: Error correcting codes for binary channels (2).
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CrossReferences: Mathematical models of communications channels (1. 130); Statistical description

of time variable transmission media (1. 611); Comparison of modulation methods for binary channels
(1. 830); Special binary data transmission systems (1.3).

Principal Publications:

IDEAL BINARY PULSE TRANSMISSIONS BY AM

AND FM

E.D. Sunde, BellSyst. Techn• J., Nov. 1949, p. 1357.

ERROR PROBABILITIES OF BINARY DATA

TRANSMISSION IN THE PRESENCE OF

RANDOM NOISE

S. Reiger, IRE Conv. Record, pt. 8, 1953.

COMPARISON OF BINARY DATA TRANSMISSION
SYSTEMS

J.G. Lawton, Conf. Proc• Nat• Conf. on Aero-

nautical Electronics, June 1957, p. 128/132.

SOME ASPECTS OF DIGITAL DATA TRANS -

MISSION

S. Reiger, Nat. Conf. t>roc. Aeronautical

Electronics, 1957.

CAPACITY OF A CERTAIN ASYMMETRICAL

BINARY CHANNEL WITH FINITE MEMORY

Sze-Hou Chang, IRE Trans. Inform. Th.,vol.

IT-4, no. 4, Dec. 1958, p. 152/159.

• . . 1) Blocks of equal numbers of binary

digits are used as the transmitting symbols•

2) The channel resumes its quiescent state at

the beginning of each block. 3) The memory

of the channel is characterized by the dependence

of the noise probabilities for each digit upon the

preceding digit or digits in the same block.

COMPARISON OF BINARY DATA TRANSMISSION
SYSTEMS

J.G. Lawton, Proc. Conf. Mil. Electronics,

1958, p. 54.

FEII LERWAHRSCHEINLICHKEIT BINAR

KODIERTER MELDUNGEN BEI STGRUNG

DURCH WEISSES RAUSCHEN (Error

Probability of Binary Encoded Messages

Under White Noise Interference) (In

German)

H•J. Held, Nachriehtentech. Zeitsch., vol. 11,

May 1958, p. 244/249.

A PARTIAL ORDERING FOR BINARY
CHANNELS

N.M. Abramson, Stanford Electronics Labs.,

Stanford U., Calif., 15 April 1960, 38 p.,
AD 237 640.

• . . This ordering is applied to: (a) the

general binary channel, (b) the iterated binary

symmetric channel and (c) the unreliable binary

symmetric channel when used with many itera-

tions. Curves allowing one to use the ordering

are given and an example using these curves is
worked out.

A PARTIAL ORDERING FOR BINARY CHANNELS

N. Abramson, IRE Trans. Inform. Th., vol• IT-6,
no. 5, Dec. 1960, p. 529/539.

THE RATE OF INFORMATION TRANSMISSION
THROUGH SYMMETRIC CHANNEI_,S

L.F. Borodin, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio. 10 Sept. 1962, 27 p. incl.

illus. 9 refs. (Trans. no. FTD-TT-62-878

from Sto Let so Dnya Rozhdeniya A.S. Popova,

Yubileynaya Sessiya, Izdatel'stvo Akademii

Nauk SSSR, p. 57-73, 1960). AD 286 603.

• . . A graphical method is given for determin-

ing the optimum value of the probability of symbol

erasure (in the sense of the maximum traffic

capacity of a channel) .... It is shown that the

optimum code of an erase channel in the presence

of a sufficiently large number of symbols in a code
combination allows information to be transmitted

through an erase channel with a previously as-

signed uncertainty and rate, close to the traffic

capacity of tl_e channel. A metlmd is indicated for

setting up codes which have properties close to

those of the optimum code of an erase channel,
and also codes in which all combinations differ

from one another exactly by d = a to the m-1

positions.

STUDIES OF COMMUNICATION CHANNELS

Sze-Hou Chang, Electronics Research Lab.,

Northeastern U. (Boston, Mass.), 17 May
1960, 46 p. incl. illus. (Scientific rept. no. 3,

pt. 2), (AFCRC TN 60-574, vol. 2), AD
242 674.

• . . The following topics are discussed:

(1) The capacity of a symmetrical binary channel

with uniform digit spacing, exponentially decaying
memory, and additive Gaussian noise is approxi-

mated by a numerical method. (2) Discrete

channels are combined to form cascaded, sum,

product, or other networks in order to achieve

such objectives as increasing range, capacity, or

reliability. (3) Feedback systems for the re-
duction of multipath distortion have been evaluated•

(4) A study has been carried out of mathematical

techniques applicable to the combination of fallible

formal neurons as proposed by McCulloch.

CONSTRUCTION AND DECISION DETECTION OF

BINARY INFORMATION

B.W. Russell, Proc. Nat. Aerosp. Electron,

Conf., vol. 9, May 1961, p. 302/306•

• . . definition of "information" . . . descrip-

tion of a simple Pulse Code Modulation com-

munication system . . . derives basic signal

power, bandwidth, information rate and error loss

factor relationships . . .
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A NOTEONRANDOMLYVARIABLEBINARY
CHANNELS

J• Loeb,IN:RADIOWAVESANDCIRCUITS;
ProceedingsofCommissionVIonRadio
WavesandCircuitsduringtheXIIIth
GeneralAssemblyofURSI,London,Sept.
1960,EditedbySamuelSilver,NewYork,
ElsevierPublishing Co., 1963, p. 195/199.

• . . Statistical properties of random

binary channels are represented by 2 x 2
matrices built with error probabilities•

Cascading elements of a complex matrix

amount to multiplication of elementary

matrices. Resulting "equivocation" can be

approximately computed by means of the
determinant of the matrix product• The re-

sults found can be considered as a particular

case of Siforov's theory.

SPECTRAL DENSITY DISTRIBUTIONS OF

SIGNALS FOR BINARY DATA TRANS-

MISSION

H.J. Pushman, J. Brit. Inst. Radio Engrs.,

vol. 25, no. 2, Feb. 1963, p. 155/165.

UNIFIED ANALYSIS OF CERTAIN COHERENT

AND NONCOHERENT BINARY COM-

MUNICATIONS SYSTEMS

S. Stein, IEEE Trans. Inform. Th., vol. IT-10,

no. i, Jan. 1964, p. 43/51.

Related Publications:

SINGLE ERROR-CORRECTING CODES FOIl

ASYMMETRIC BINARY CItANNE LS

W• H. Kim, et al., IRF Trans. Inform. Th.,

vol. IT-5, no. 2, June 1959, p. 62/66.

TRANSMISSION OF SIGNALS BY PULSE-

PARAMETER COMPARISON METIIOD

N.T. Petrovieh, Radio Engng: Transl. of

Radiotekhnika, vol. 16, no. 1, 1961,

p. 1/9, 12 refs. (Russian only).

• . . amethod.., based on comparison of

parameters of individual pulses, which permits

the use of new techniques on communications.

Also discussed is one of its specific applications "

in pulse carrier-wave phase comparison (rela-

tive phase telegraphy RPT) ....

ASYMPTOTIC ESTIMATES OF THE ERROR

PROBABILITY FOR THE TRANSMISSION OF

MESSAGES THROUGH A DISCRETE

MEMORYLESS COMMUNICATION CHANNEL

WITH A SYMMETRIC MATRIX OF TRANS-

ACTION PROBABILITIES

R.L. Dobrushin, Foreign Techn. Div., Air

Force Systems Command, Wright-Patterson

AFB, Ohio, 3 July 1963, 50 p. FTD TT 63

543, AD 413 329.

PERFORMANCE OF DIGITAL COMMUNICATIONS

SYSTEMS IN AN ARBI'FILCRY FADING RATE

AND JAMMING ENVIRONMENTS

A.B. Glenn, et al•, (Western Electronic Show and

Convention, Los Angeles, Calif., Aug. 21-

24, 1962), 1962 WESCON Convention Record.
Part 5 - Aeronautical and Navigational

Electronics, Military Electronics, Space

Electronics and Telemetry, vol. 6, 1962, 7 p.,

A63-12452.

STOCtIASTIC SAMPLING OF A BINARY RANDOM

PROCESS

S.J. Redman, et al., IEEE Trans. Circuit Theory,
vol. CT-10, no. 1, March 1963, p. 3/24.

• . . When a binary random process is sampled

by an independent random pulse process a new

binary process is generated. Statistical proper-

ties of this new binary process are investigated in

this paper. Two methods of sampling are con-

sidered, according as an even or odd number of

zeros of the binary process being sampled occur

between successive sampling pulses .... a

brief description at an experimental

sampling device and some results obtained

with it, is given.

This paper is envisaged as the first of a series

of three papers dealing with binary random pro-
cesses and their application in the analysis of

simple filters containing a randomly switched

parameter.

1. 313: lligher Order Data Systems in General

Included: M-ary digital trmlsmission systems; Bi-ternary transmission; Non-binary data transmis-

sion systems; Ternary data systems; Quaternary digital systems in general.

Not Included: Detection theory for higher order systems (2); Multiple hypothesis testing (2);

Multivariate decision theory (2); Null-zone reception systems (2); Sequential decoding procedures (2);

Error correcting codcs with higher order symbols (2).

Cross References: Sequences of binary elements as higher order signals (1. 314); Bi-orthogonal

transmission systems (l. 315); Multi-level AM data systems (1. 325); Multi-phase digital systems

(1. 344); Multiplc frequency shift data systems (1. 333); Non-binary pulse code modulation systems

(1. 518); Quaternary phase shift systems (1.3,13).
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A COMPARISON OF TRANSMISSION METHODS

FOR PULSE CODE MODULATION COMMU-

NICATION SYSTEMS

A.P. Brogle, Army Signal Research and Devel-
opment Lab., Oct. 1958, 47 p., (USASRDL

Technical rept• no. 1954),AD 227 104

.... A new method of transmission, called

biternary, is described and is compared with

quaternary transmission as a means of doubling

the channel capacity of PCM systems without

requiring increased bandwidth or transmission
facilities ....

ERROR RATES IN DATA TRANSMISSION

S. Reiger, Proc. IRE, vol. 46, May 1958, p. 919/
920.

• • . error rate reduction by use of error

correcting codes, gain obtainable by choosing

signaling alphabets other than binary.

INTEGRATED DATA SYSTEMS

R.F. Filipowsky, IRE Trans. Commun. Syst., vol.
CS-7, no. 2, June 1959, p. 95/101.

. . . Operating with higher-order signaling

systems and applying error-correcting codes are

the two principles which promise the largest

increase in transmission efficiency•

PULSE TRANSMISSION STUDY

H. Fiege-Kollmann, Westinghouse Electric Corp.

Dec. 1959, 144p., Quarterly Tech. Note # 4 -
RADC TN 60-11,AD 232 838, AD 211 434.

. . . Error probability of higher order
alphabet• . .

A NON-SYNCHRONOUS APPROACH FOR

IMPROVED COMMUNICATIONS 2RE LIABILITY

C.H. Stewart, II, et al., Proc. Nat. Electronics

Conf., vol. 15, Oct. 1959, p. 141/150.

. • . expanding requirement for mobile tele-

printer communications.. • use of conventional

system. The nonsynchronous characteristic

of this coding scheme allows optimum use of a

variable band-width, so that the system can be

operated at the maximum circuit capacity for
all conditions.

COHERENT DETECTION BY SEMI-

ORTHOGONAL SQUARE-WAVE PULSE

FUNCTIONS

R. C. Titsworth, Jet Propulsion Lab., Calif.

Inst. of Tech., Pasadena, Sept. 1960, 20 p,
AD 232 038.

THE ASYMPTOTIC BEHAVIOR OF IDEAL
M-ARY SYSTEMS

G. L. Turin, Proc. IRE, vol. 47, Jan. 1959,
p. 93/94•

THE THEORY OF SIGNAL TRANSMISSION

WITH MULTIPLE DISCRETE VALUES

B. A. Varshaver, Radio Engrg., vol. 14, no• 1,

1959, p. 1/13.

A NEW TRANSMISSION METHOD FOR

PULSE-CODE MODULATION COMMUNICA-

TION SYSTEMS

A. P. Brogle, IRE Trans. Commun. Syst.,
vol. CS-8, no. 3, Sept. 1960, p. 155/160.

. . . study of the basic factors underlying the
selection of a preferable method of transmission

for pulse-code modulation communication sys-

tems. A new method of transmission, called

biternary, is described and is compared with

quaternary transmission, as a means of

doubling the channel capacity of PCM systems

without requiring increased bandwidth or

transmission facilities .... The use of

biternary transmission is planned in present

and future military pulse-code modulation

communication systems•

COMBINED DIGITAL PIIASE AND AMPLITUDE

MODULATION COMMUNICATION SYSTEMS

C. R. Cahn, IRE Trans. Commun. Syst., vol.

CS-8, no. 3, Sept. 1960, p. 150/155.

• . . When the number of bits per sample of

the signal is large, . . . combination of digital

amplitude and phase modulation is found to make
techniques will not yield the required circuit

reliability.

One approach to the provision of increased

performance reliability is... to minimize

detector bandwidth. By using sequential

combinations of two audio frequency tones to

define the combinatorial possibilities of the

standard five-bit teleprinter code, the per-

tone sampling period is increased by a factor

in excess of three times that of the start-stop

more efficient use of transmitter power than phase
modulation alone.

95

THE COMPARISON OF DIGITAL COMMUNICA-
TION SYSTEMS

C. W. Helstrom, IRE Trans. Commun. SysL,
vol. CS-8, no. 3, Sept. 1960, p. 141/150.

. . Two methods are proposed for comparing

the performances of digital communication systems
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differingin thenumberofavailablesignals,in
bandwidth,in rateoftransmissionandincomplex-
ity.... Theconceptof'strictlycomparablesys-
tems'is introduced;for thesethetwomethods
leadtothesameranking.... Theadvantage
overbinarysystemsofsystemsofhigherorder,
inwhichmorethanonekindofsignalcanbe
transmitted,is illustrated•

BRIEFCOMMUNICATIONSRECOGNITIONOF
CONTINUOUSSIGNALS

A• A• Kharkevich,RadioEngng:Transl.of
Radiotekhnikavol.15,no.10,1960,
po12/15.

• . . representationofasignal(intheformof
acontinuousfunctionoverafiniteinterval)asone
ofseveralnumbers,andtheoptimum(fromthe
pointofviewofdistinguishingthesignalsfromthe
set)selectionofthesenumbers....

MATCHEDFILTERSFORMULTIPLEPROC-
ESSES(Correspondence)

A.V. Balakrishnan,IRETrans.Inform.Th.,
vol. IT-7,no. i, Jan.1961,p. 52.

Byamultipleprocessismeantaq-dimensional
(real-valued)vectorstochasticprocess.Asis
well-known,amatchedfilter is definedforone-
dimensionalprocessesasonethatminimizesthe
noise-to-signalratio. Now,inthemultiple
processcasewecandefinenoise-to-signalratio
in severalwaysandit is thepurposeofthisnote
toexaminethecorrespondingmatchedfilters.

CAPACITYOFA CHANNELWITHQUANTIZED
MODULATION

V. M.Baykovskiy,RadioEngng:Transl.of
Radiotekhnika,vol.16,no.7, 1961,
p. 9/18.

• . . definesthecapacityofachannelwith
quantizedmodulationin theabsenceofnoise.It is
shownthatpotentiallythismethodoftransmission
possesseshighercapacitythandeltamodulation
andPCM(pulse-codemodulation)....
AsynchronousQMis characterizedbythefact
thatthepulsesreachthechannelpreciselyat
themomentsoftransitionofthequantityf(t)
throughaquantizationlevel. Insynchronous
QMthepulsesaretransmittedonlyatregular
momentsintime....

ERRORPROBABILITIESFORNON-
ORTHOGONALM-ARYSIGNALSUNDER
PHASE-INCOHERENTRECEPTION

A. H.Nuttall,LittonSystems,Inc.,Waltham,
Mass.,15June61,153p.(Technicalrept.
no.TR-61-1-BF)AD261182.

• . . derived in the form of previously

untabulated single and double integrals. Two
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modes of reception are considered, in the

first.., no fading and only one path is

available for communication (no multipath).

In the second. ° . a threshold is incorporated

in the receiver. If the largest correlation

value is less than the threshold, a decision

is made that no signal was transmitted; if the

largest correlation value exceeds the

threshold, the signal corresponding to

that particular correction value is decided

to have been transmitted ....

ON THE OPTIMUM DETECTION OF DIGITAL

SIGNALS IN TIlE PRESENCE OF WHITE

GAUSSIAN NOISE--A GEOMETRIC INTER-

PRETATION AND A STUDY OF THREE

BASIC DATA TRANSMISSION SYSTEMS

E. Arthurs, et al., IRE Trans. Commun. Syst.,

vol. CS-10, no. 4, Dec. 1962, p.336/372.

. . . a geometric interpretation of the

detection problem is presented on a tutorial

level .... this technique is used to derive

the optimum detector for each of three basic

data transmission systems: m-level Phase Shift

Keyed, m-level Amplitude Shift Keyed and
m-level Frequency Shift Keyed. CorrespondIng

probability of error curves are derived,
compared and discussed with reasonable

detail ....

RADIATION INCORPORATED SIGNALING

SYSTEM STUDY

D. D. Baxter, ILadiation Inc., Orlando, Fla.,

Special rept., 1 June 61-31 May 62, 98 p.

incl. illus., 48 refs., AD 283 320

. • . almost exclusive attention is given to

the dipulse (a single cycle of a sIne wave) and

tripulse (the matched filter response to a

dipulse). The spectra of the signals are

displayed and the concept of the matched filter

is discussed and applied as the optimum

detector for the signals in question.

PARTIAL ORDERING OF DISCRETE CIIANNELS

T. T. Chang, et al., IRE Intern. Cony. Rec. Pt.

4, vol. I0, Mar. 1962, p. 190/199.

• . . A discrete, finite, memoryless channel K1

is said to include another such channel K 2 if it is

possible to duplicate all of the transition prob-

abilities of K2 by interposing K 1 between pairs
of suitably chosen pre- and post-channels. In

general, it is not known what the necessary and

sufficient conditions for inclusion are ....

ON TilE OPTIMUM PERFORMANCE OF N-ARY

SYSTI':MS IIAVING TWO DEGREES OF

FREEDOM

R. W. Lucky, et al., IRE Trans. Commun. Syst.,

vol. CS-10, no. 2, June 1962, p. 185/192.
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• . . the n possible symbols correspond to n

vectors in a 2 WT 0 dimensional signal space.
This paper considers the theoretical properties

of a class of digital systems where the signal
space is two-dimensional. Such systems are
both amplitude- and phase-modulated. Approximate

expressions are derived for the average probability
of error for these systems as a flmction of the
placement of the n symbol vectors in the two-
dimensional signal space ....

ERROR PROBABILITIES FOR EQUICORRELATED
M-ARY SIGNALS UNDER PHASE-COHERENT

AND PHASE-INCOHERENT RECEPTION

A• H° Nuttall, IRE Trans. Inform. Th., vol. IT-8,
no. 4, July 1962, p• 305/314, 72 refs.

• . . derived in the form of previously untab-
ulated single and double integrals. These integrals

are amenable to computer evaluation for arbitrary
M. Two modes of reception are considered• In
the first, one of M equal energy equiprobable

signals is known to be transmitted during a symbol
interval of T seconds through a nonfading channel
with additive white Gaussian noise .... the
cross-correlation coefficients between all the

signals are equal• The probability of correct
decision in both phase-coherent and phase-

incoherent reception is derived exactly, as a
function of the signal-to-noise ratio, the common
cross-correlation coefficient, and the size of the

signal set M. In the second mode of reception,
the only difference is that a threshold is incorpor-
ated in the receiver• The probability of false
detection and the probability of detection and
correct decision are derived exactly for both
phase-coherent and phase-incoherent as a

function of the threshold level, the signal-
to-noise ratio, the common cross-correlation

efficient and the size of the signal set M.

M-ARY TRANSMISSIONS WITH LINEAR

FILTERING ON RAYLEIGH FADING CIRCUITS

J.N. Pierce, Air Force Cambridge Research
Labs., Bedford, Mass. March 1962, 13 p. incl.
table, 7 refs. (AFCRL 62-160) AD 275 436.

On a nonfading circuit, arbitrarily small error
rates can be achieved by using uncoded M-ary
transmission with linear receiver filtering ....
on a Rayleigh fading circuit .... improvement

obtained in communicating binary data with

M-ary transmissions is equivalent to a saving
in transmitter power of less than 4• 6 db ....

DIGITAL COMMUNICATION STUDIES: PART
I. COMPARATIVE PROBABILITY OF
ERROR AND CHANNEL CAPACITY• PART
II. ASYNCHRONOUS TIME-MULTIPLEXING
OF MULTICHANNEL SPEECH SOURCES

M. P. Ristenbatt, et al., Office of Research
Administration, U. of Michigan, Ann Arbor,

March 1962, 128 p. incl. illus.,tables, 41
refs. (Tech. rept. no 133; Rept. no. 4251-
2-T), AD 275 480.

• • . M-arc bi-orthogonal signals are
deemed best for low S/N if probability of error

is stringent• Binary and M-phase signals
appear best for medium and large S/N. This

treatment should help structure the selection
of modulation and coding methods for proposed

communication systems. Also, since many
signalling methods are considered, some

fundamental princii_les, terminology, and
methods of comparing are suggested. An
analytical multiplexing for multichannel
speech signals .... it is proposed that
the source-to-channel sample assignment
be asynchronous.

ON COMPARING N-ARY SYSTEMS
(Correspondence)

J. K. Wolf, IRE Trans. Commun. Syst. , vol.
CS-10, no. 2, June 1962, p. 216/217.

• . . when comparing transmission systems
with alphabets of various sizes, a comparison
of the probabilities of error per character is
not.., easily interpreted ..... The purpose

of this note is to illustrate one surprising
result.., it will be shown that the relative

performance of the systems may depend upon
the size of the information alphabet for which
the error probabilities are computed and then
compared ....

BINARY TO TERNARY CONVERSION BY
LINEAR FILTERING

J. K. Wolf, et al., Rome Air Development
Center, Griffiss Air Force Base, N.Y.,

May 1962, 8 p. incl. illus.,3 refs. (RADC
TDR 62-230) AD 278 264

A simple linear filter consisting of a delay
element and an adder is described for convert-

ing a random stream of binary pulses into a
stream of ternary pulses... Another simple
linear filter is described for reconverting the
stream of ternary pulses into the stream of
binary pulses. Results of an experimental

implementation of such a system are presented.
Also, a generalization of this scheme for binary
to N-arc to binary conversion is discussed.

ADAPTIVE RECEPTION OF SIGNALS WITH
UNKNOWN GAIN AND DELAY

J. C. Hancock, et al., Rec. Nat. Commun. Symp.,
vol. 9, Oct. 1963, p. 54/65.

Assuming unknown channel gain and unknown
channel delay we derive a set of delay estimators
• . . The estimating filter output is the true path
delay plus a noise term that is Gausstan when the
additive channel noise is Gaussian .... Any of
these delay estimators can be incorporated into

an adaptive M-ary receiver which uses the noisy
estimates in a manner that would be optimum if
the measurements were precise ....
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KODIEREN MIT ORTHOGONALEN FUNK-

TIONEN. I. GRUNDLAGEN (Encoding

With Orthogonal Functions. I• Fundamen-

tals. ) (In German• )

H. Harmuth, Arch. Elekt. Uebertragung, vol. 17,

Sept. 1963, p. 429/437.

The characters of code alphabets can be

represented by the superposition of orthogonal

time functions. This representation permits the

detection of telegraph signals by cross-correlation

with a few sample functions rather than by cross-

correlation with many sample characters that
can be assembled from these functions ....

Furthermore, the fundamentals for the com-

putation of the relative error rates due to thermal

noise are derived. They will be used in a

forthcoming paper to devise alphabets that permit
an error-free transmission. Unlike the error-

free alphabets devised by Elias they allow to

approach arbitrarily well Shannon's limit of the

transmission capacity of a communication chan-
nel ....

SOME ASPECTS OF BITERNARY TRANSMISSION

M. Hooten, et al., Army Electronics Research

& Development Agency, Ft. Monmouth, N.J.,

April 1963, 6 p., AELRDL 2357, AD 420 286.

The transmission of a PCM signal using bitern-

ary signaling is reviewed. Two different bitern-

ary signals are compared with respect to their

ease of generation and detection ....

TIlE ASYMPTOTIC BEttAVIOR OF INCOHERENT

M-ARY COMMUNICATION SYSTEMS

(Correspondence)

I. Jacobs, Proc. IEEE, vol. 51, no. 1, Jan. 1963,

p. 251/252.

RELIABILITY IMPROVEMENT OF DIGITAL

COMMUNICATION USING REDUNDANCY IN

UNCERTAINTY REGION RECEPTION

L. Kurz, New York U.,N.Y.,College of Engineer-

ing, June 1963, 88 p•, 10refs., (Thirteenth

Scientific Report; Tech. Rept• 400-77; AFCRL-

63-187), N63-20836.

• • • considers an efficient method for utilizing

the redundancy of transmittable language to

improve the reliability of a digital communication

system disturbed by additive non-white-gaussian

noise. The reliability of digital systems

using orthogonal and binary digit codes is

improved by introducing an uncertainty region

links using binary digit coding...A geomet-

ric interpretation of the results is given in
terms of n-dimensional Euclidean space...

OPTIMIZATION OF SIGNAL WAVEFORMS

G. Laehs, IEEE Trans. Inform. Th., vol. IT-9,

no. 2, April 1963, p. 95/97.

INVESTIGATION OF ANALOG AND DIGITAL

COMMUNICATION SYSTEMS (Phase 3
Report)

J. G. Lawton, Cornell Aeronautical Lab., Inc.,

Buffalo, N.Y., Final rept., Feb. 1962-

Feb. 1963, May 1963, 175 p., RADC TDR
63 147, AD 407 343.

• . . The analysis of the optimization of

N-ary digital systems operating over a

dispersive channel, which was begun during a

previous phase of the contract, is further advanced.

ERROR PROBABILITIES FOR SOME

GENERAL CLASSES OF NON-ORTHOG-

ONAL M-ARY SIGNALS UNDER PHASE-

COHERENT RECEPTION

A. It. Nuttall, Litton Systems Inc., Waltham,

Mass. 1 Sept. 1963, 16 p., Rept. no. TR63

7 BF, AD 419 991.

• . . derived under conditions of syn-

chronized phase-coherent reception in a non-

fading single path channel subject to additive

white gaussian noise. The results are in the

form of untabulated low-order multiple

integrals which are amenable to computer

evaluation.

OPTIMUM PULSE TRANSMISSIONS FOR

MULTIPATH CHANNELS

J. G. Proakis, Lincoln Lab. Mass. Inst. of

Teeh., Lexington, 16 Aug. 1963,40 p., refs.,

(Rept. 64 G-3; AD 416 639), N64-17454.

• . . performance of an incoherent M-ary

communication system.., computed under

very restrictive conditions on the channel

behavior, namely, that the received signal

consists of resolvable, independent Rayleigh

fading paths, each of which has been corrupted

additively by independent gaussian noise• . .

generalizations of results obtained earlier•

From these expressions the optimum time

duration for pulse transmissions is computed

for two channels-the orbital dipole channel and
at the receiver. This method is an extension

and generalization of null-zone reception

previously applied to the improvement of

binary transmission in the presence of white-

gaussian or peak-limited noise...commu-

nication links using orthogonal digit coding

afford greater reliability than corresponding

the moon.
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OPTIMIZATION OF SIGNALS

F. C. Sehwcppe, Lincoln Lab., Mass. Inst. of

Tcch., Lexington. 16 Jan. 1964, 49 p.,Group

rcpt. no. 644, ESD TDR 64 18, AD 430 345.
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• . . A communication problem of deciding

which of M signals was transmitted and a radar

problem of deciding the range rate of a target are

used as examples.

TABULATION OF THE PROBABILITY OF

DETECTION AND CORRECT DECISION AMONG

M ALTERNATIVES FOR PHASE-INCOHERENT

RECEPTION

D. Shnidman, Air Force Cambridge Research

Labs., Bedford, Mass., Sept. 1963, 31p.,
AFCRL 63 374, AD 424 731.

OB ODNOM METODE KODIROVANIIA DLIA

PEREDACHI DVOICHNYKA CHISEL PO

KANULA SV]AZI S SHUMAMI (In Russian)

(A Coding Method for the Transmission of

Binary Numbers Over a Communications

Channel in the Presence of Noise)

E. V. Voronov, Radiotekhnika i Elektronika, vol.
8, Aug. 1963, p. 1312/1318.

Radio Engineering and Electronic Physics, Aug.
1963, p. 1273/1279, 6 references. Translation.

A63-25287 and A64-17668.

Presentation of a solution to two extremum

problems for the case in which the more significant

symbols--i, e., symbols corresponding to the

larger powers of 2--are transmitted by longer

pulses, with the subsequent optimum processing.

it possible to transmit messages along channels

with the desired degree of authenticity• The

possibility of correcting errors by arithmetic

operations is indicated• The results are given

of an experiment carried out on a high-speed

electronic computer to compare a number of

other methods of reception with the ideal

method• The results of the experiment con-

firm that the "symbol" method of reception is

imperfect ....

OPTIMUM THRESHOLD FSK COMMUNICA-

TION WITH DECISION REJECTION

D. Middleton, Air Force Command & Control

Develop• Div., Air Research & Develop•

Command, Bedford, Mass., April 1960,

Rept. no. AFCRC TR 60-137, AD 245 725.

• . . Besides a detailed examination of the

binary rejection cases, the theory of the

multiple alternative detection process with

decision rejection is also outlined.

QUATERNARY CODES FOR PULSED RADAR

G. R. Welti, IRE Trans. Inform• Th., vol.

IT-6, no. 3, June 1960, p. 400/408.

. . . coded waveforms can be generated in

a simple network• . .the same network can be

readily converted to a matched filter for the
coded waveform.

Related Publications:

ERROR-CORRECTING CODES FOR AN

ASYMMETRIC NONBINARY CHANNEL

(Correspondence)

W. H. Kim, IRE Trans. Inform. Th., vol. IT-5,

Dec. 1959, p. 189/190.

MULTIVALUED SWITCHING ALGEBRAS AND

THEIR APPLICATION IN DIGITAL SYSTEMS

E. I. Muehldorf, Proe. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p. 467/480.

• . . a brief survey of ternary switching

algebras is given .... In applying a nonbinary

switching algebra to switching circuitry one can

realize two cases• The one is to apply it to binary

devices, the other is to apply it to multivalued
devices ....

AN IDEAL IDENTIFICATION DEVICE FOR

COMPLEX SIGNALS

L. F. Borodin, Radio Engng: Transl. of Radio-

tekhnfl(a, vol. 15, no. 8, 1960, p. 60/74.

. . . an identification device which for a given

receiver will ensure the maximum probability of

correct reception of the combinations in a

correcting code. It is shown that the use of

this ideal device and "equidistant" codes makes

SINGLE ERROR-CORRECTING CODES FOR

NONBINARY BALANCED CHANNELS

C. W. Helstrom, IRE Trans. Inform. Th.,

vol• IT-7, no• 1, Jan. 1961, p. 2/7.

A METHOD OF DIGITAL SIGNALLING IN THE

PRESENCE OF ADDITIVE GAUSS]AN NOISE

L. Kurz, IRE Trans. Inform. Th., vol. IT-7,

no. 4, Oct. 1961, p. 215/223, 23 refs.

• . . A theory of so-called efficient codes

(minimax, equal separation, and nearly equal

separation) is developed .... if the noise

is nonwhite; . . . properly chosen waveforms

are more efficient than binary coding ....

ON TtIE DETECTION AND ESTIMATION

PROBLEM FOR MULTIDIMENSIONAL

GAUSS]AN RANDOM CHANNELS

J. K. Wolf, Rome Air Development Center,

GriffissAir Force Base, N.Y., Nov. 1961,

26 p. (RADC-TR-61-214), AD 268 492.

TERNARY LOGIC AND RELATED STUDIES:

AN ANNOTATED BIBLIOGRAPHY

E. E. Graziano, Lockheed Aircraft Corp.,

Sunnyvale, Calif., (Special bibliography

rept. no. SB-62-65; Rept. no. 8-44-62-3),
AD 299 464.
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A METHODOFDIGITALSIGNALLINGIN THE
PRESENCEOFADDITIVEGAUSSIANAND
IMPULSIVENOISE

L. Kurz,IREIntern.Cony.Rec.Pt.4, vol. 4,
March1962,p. 161/173.

• . . Basically,it is shownthatsubdividingthe
decisioninterval(O,T)andcodingeachsubinter-
valusingoptimumwaveformsis amoreefficient
methodofcombattingtheimpulsenoisethanusing
optimumwaveformsin thefulldecisioninterval.

ONTHESTATISTICALDETECTIONPROBLEM
FORMULTIPLESIGNALS

J. B. Thomas,etal., IRETrans.Inform.Th.,
vol. IT-8,no.4, July1962,p. 274/280.

• . . eachoftheinputscancontainoneofmany
possiblesignals.Thedetectionprocedureforthis
modelbecomes,ingeneral,thetestingofmultiple
hypotheses....

A NOTEONSEQUENTIALDECODINGAPPLIED
TOLARGEALPHABETINCOHERENTCHAN-
NELS- R COMPDETERMINATION

M. H.Check,etal., LincolnLab.,Mass.Inst.of
Tech.,Lexington,31May1963,11p.Rept.no.
65G6,AFESDTDR6377,AD410883.

• . . investigationofthecomputationcutoffrate
for suchchannels...themeaningof'incoherent'
will bemadeprecisepresently.Supposeoneof1
orthogonalandequalenergybandpasssignalsis
sentoverachannelperturbedbyadditivewhite
Gaussiannoise.Thepriorprobabilityofall signals
is assumedequal.Thereceivedsignalisdetected
byabankof1filtersmatchedtothe1waveforms.
Theenvelopesofthefilter outputsareformed
andaresampledattheappropriatetime. This
detectionprocedureis optimumif thereceiver
doesnothaveknowledgeoftheRFphaseoftile
signal,andif theRFphase,whateverit is, is
constant over the signalling interval. A decoder

has available to it the 1 analog outputs• A

decision on the largest of these destroys informa-

tion. Accordingly, if coding is to be used, it is

appropriate to view the 1 analog outputs as a

vector which may be operated on by a decoder.

LARGEST OF N SELECTION SYSTEMS

AFFECTED BY MULTIPATII TIME SPREAD-

ING (Correspondence)

J. Dumanian, Proc. IEEE, vol 51, no. 2, Feb.

1963, p. 390.

Several authors }lave considered the error

probabilities ill detecting a signal when the

transmitted signal is one of N orthogonal waveforms.

• . . In this note...the received signal

is Gaussian noise in Gaussian noise. Moreover,

in this description it is assumed that the time

duration of the received signal is greater than

the reciprocal of the signal bandwidth ....

RELIABILITY IMPROVEMENT OF DIGITAL

COMMUNICATION USING REDUNDANCY

IN UNCERTAINTY REGION RECEPTION

L. Kurz, New York U. Coll. of Engineering,

N. Y., Scientific rept. no. 13., June 1963,

78 p., TRno. 400 77, AFCRLRept. no.

63 187, AD 414 370.

• . . utilizing the redundancy of tile trans-

mittible language to improve the reliability of a

digital communication system disturbed by

additive non-white gaussian noise ....

systems using orthogonal and binary digit codes

• . .uncertainty region at the receiver .... an

extension and generalization of null-zone

reception previously applied to the improve-

ment of binary transmission in the presence

of white gaussian or peak-limited noise ....

it is shown that communication links using

orthogonal digit coding afford greater reli-

ability than corresponding links using binary

digit coding ....

RESEARCII ON AUTOMATIC COMPUTER

ELECTRONICS. VOL. I. COMPUTER

DEVICE AND CIRCUIT RESEARCIt

R. 1. Tanaka, Lockheed Missiles and Space

Co., Palo Alto, Calif. Final rept. for

1 Sept. 1962-1 Oct. 1963. Feb. 1964,

345 p., AD 435 760

• . . design of a ternary threshold

element, a cryogenic ternary storage

element, tile design of a memory array using

ternary storage elements, and the design

of a variable gain threshold element ....

CONDITIONS OF MAXIMUM NOISE
IMMUNITY OF SYSTEMS WITII ACTIVE

SPACING INTERVAL AND INDETER-

MINATE SIGNAL PItASE (Translation)
I. A. Tsikin, Telecommunications and Radio

Engineering. Part 2 - Radio Engineering,
July 1963, p. 1/11, 5 refs., A64-15462.

• . . demonstrating that orthogonality in

the wide sense is also necessary in the case

of codes with a base greater than two ....
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1.314: Digital Sequences as Data Transmission Waveforms

Included: Polynomial-like signals; Binary sequences as transmission waveforms; Random binary

waves; Pseudo random binary sequences; PN sequences in data systems; Maximum length sequences

in data systems; Bi-orthogonal binary sequences; Orthogonal binary sequences; D-ary sequences.

Not Included: RADACS = random access discrete address communications systems (2); Coding

theory of PN sequences (2); Shift register codes in general (2); Binary sequences for ranging codes

(2); Random sequence generators.

Cross References: Multi-orthogonal discrete sequences (1.317); Higher order data transmission

systems (1. 313); Special orthogonal sets of waveforms (1. 315); Spread spectrum waveforms (1. 316);

Noise communication systems (1.316); Matched filter extractors (1. 372); Correlation receivers for

data transmission (1. 373).

Principal Publications:

THE CORRELATION FUNCTIONS OF RANDOM

SEQUENCES OF RECTANGULAR PULSES

I.N. Amiantov, et al., Radio Engrg., vol. 14,

no. 4, 1959, p. 9/25

TWO PROPERTIES OF PSEUDO-RANDOM

SEQUENCES

L. L. Campbell, IRE Trans. Inform. Th.,

vol. IT-5, March 1959, p. 32.

• . . which may nmke them useful in

certain communication systems ....

A BOUND ON THE CROSSCORRELATION

FUNCTIONS OF A SET OF BINARY

SEQUENCES OF FINITE LENGTH

G.E. Mongold, Jr., MIT, Res. Lab.

Quarterly Progress Rept. #52, Jan.
1959, p. 112/128.

• . . form a class of signals that might be

used as modulating functions in a communica-

tion system employing correlation detection.

MODULATION BY RANDOM AND PSEUDO-

RANDOM SEQUENCES

R.C. Titsworth, et al., Jet Propulsion

Laboratory, June 1959, (Prog• Rept.

20-387).

SERIAL CORRELATION IN THE GENERATION

OF PSEUDO-RANDOM NUMBERS

R.R. Coveyou, J. Assn. for Computing

Machinery, vol. 7, no. 1, Jan. 1960,

p. 72/74.

A METHOD OF OBTAINING ARBITRARY

PHASES OF AN M-SEQUENCE

R.C. Curry, Rochester U., N• Y., Nov.

1960, 44p., AD 248 455.

• . . If an m-sequence is generated by an N-
stage shift register which has been modified

by the addition of logical feedback, a sequence

delayed by up to a maximum of ((2 to the power

N)-I) digits can be obtained by adding modulo 2

the outputs of various stages of the shift-

register generator. A method is given for

determining from which stages the outputs

should be added to obtain any specified delay

101

• . . Also described is the network of modulo 2

adders which are used to obtain the delayed

sequence. A program is given in the appendix

for generating the phase-table with a digital

computer (IBM 650).

EXPERIMENTAL AUTOCORRELATION OF

BINARY CODES

D.F. DeLong, MIT Lincoln Laboratory,
Oct. 1960.

M equally probable symbols may be encoded

as continuous waveforms whose sample values

are the coordinates of the vertices of a regular

simplex in N Dimensions. These vertices or

code points, therefore, are equally spaced, and

the resulting waveforms are adapted particularly

to low signal-to-noise communication systems.

QUATERNARY CODES FOR PULSED RADAP.

G.R. Welti, IRE Trans. Inform. Th., vol. IT-6,

no. 3, June 1960, p. 400/408.

• . . A class of quaternary codes is described,

and an algorithm for generating the codes is

given. The codes have properties that make

them useful for radar applications: (i) their

auto-correlation consists of a single pulse, 2)

their length can be any power of two, 3) each

code can be paired with another code (its mate)

of the same class in such a way that the cross-

correlation of mates is identically zero, 4) coded

waveforms can be generated in a simple network

• . . 5) the same network can be readily con-
verted to a matched filter for the coded waveform.

CODING THEORY AND ITS APPLICATIONS

TO COMMUNICATIONS SYSTEMS

L. Baumert, et al., Jet Propulsion Lab.,

CIT, Pasandena, Calif., 31 Mar. 1961,

84p., (Tech. rept. 32-67), AD257 752.

A general theory of binary sequences with

desirable correlation properties is developed

for application to the design of digital

communication systems.

WIDE-BAND CARRIER COMMUNICATIONS.

VOLUME III. BINARY COMMUNICATION

BY MEANS OF NOISE SAMPLES

R.L. Luedtke, et al., Lockheed Aircraft

Corp., Sunnyvale, Calif., Nov. 1961,

1 v. (Rept. no. LMSD-704048, vol. 3),
AD 253 283.

A novel and easily instrumented technique

of binary communications is described . . .
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Ashortelaborationis givenonthelow
detectabilityofthesignalbyanunfriendly
observerwhileoperatingatlowsignal-to-
noiseratios. . .

ONCODEDPHASE-COHERENT
COMMUNICATIONS

A.J. Viterbi,IRETrans.SpaceElectronics
Telemetry,vol.SE'-7, no.1, March
1961,p. 3/14.
• . . thispaperconsiderstheresultof

encodingindependentequiprobablebinary
wordsorsequencesofindpcndentbinary
digitsintosetsofbinarycodewords.These
aretransmittedoverachannelperturbedby
additivewhiteGaussiannoiseanddetectedby
correlatingthemwiththeirstoredor locally
generatedreplicasatthereceiver. . . It is
shownthatthelimitasthecodewordlengthand
thebandwidthapproachinfinity,thereceived
informationrateapproachesthechannel
capacityforonlyonevalueoftheaboveratio.
ANOPTIMUMSELF-SYNCHRONIZED

COMMUNICATIONSYSTEM
S.S.Chang,etal., Commun.Electronics,

vol. 81,no.60,May1962,p. 110/116.
Onesetofoptimumsignalwaveformsfor

undirectionaltransmissionwithminimum
errorprobability,whentheinterferenceis
additivegaussiannoise,consistsofsequences
ofbinarywaveformsresemblingamodified
ReedCode.Thebinarywaveformsconsidered
herearcphase-shiftedsinusoids.The
theoreticaldesigllofthereceiveris given
suchthatthereferencesigllalrequiredfor
correlationdetectionis directlygeneratedfrom
themessagesignalitself.
A NOTEONORTtlOGONALDIGITCODING
L. Kurz,Proe.Nat.ElectronicsConf.,vol.

18,Oct.1962,p. 775/782.
• . . considerssomegeneralideasper-

tainingtomultisignalcodingfordigitalcommun-
icationsystemsperturbedbyadditiveGaussian
noisewhichmaybenon-whitewithaknown
demodulatednoisepowerdensityspectrum.The
signalsareformedfromweightedsumsofthe
orthogonalsetofeigenfunetionsgeneratedbyan
integralequationwithitskernelcorresponding
totheinverseFouriertransformoftheGaussian
noisepowerdensityspectrum.Theorthogonal
digitcodesthusgeneratedaffordgreater
reliabilityforfixeddatarateandaveragepower
limitedcommunicationlinksthendobinarydigit
codes. . . Anewinterpretationoftheresults
in terms of the matched-filter-theory is given.

POWER SPECTIL_ OF SIGNAI,S MODULATED

BY Ib\NDOM AND PSEUDORANDOM

S EQ UE NC ES
R.C. Titsworth, ct al., Jet Propulsion Lab.,

Calif. Inst. of Tech., Pasadena, Oct. 196l,

45 p.,(Rcpt. 32-1401, AD 268 119.

CODING AND 1)ECOI)IN(I FOIl TIME-

DISCRETI': AM PI_ITUI)E-CONTINUOUS

M EM ORYLE SS CIIANNE LS
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J. Ziv, IRE Trans. Inform. Th., (Intern.

Syrup. Brussels 1962), vol. IT-8, no. 5,

Sept. 1962, p. 199/205.

• . . The application of sequential decoding

to the continuous asymmetric channel, and a

new decoding scheme for convolutional codes,

successive decoding, are considered ....

MUTUALLY DISTINGUISHABLE QUASI PN

SEQUENCES

D.R. Anderson, IEEE Intern• Cony. Rec. Pt. 4,

vol. 11, no. 4, March 1963, p• 124/132.

. . . shows how to construct periodic p-ary

digital signals which have small out-of-phase
autocorrelation and which have small in-and

out-of-phase crosscorrelation. For each prime

p, finite field theory is used to construct families

of p-ary signals of a period pm-1 corresponding

to c ,ch positive interger m ....

DECODING RULES FOR CERTAIN PRODUCT

CODES

L. Calabi, et al., Parke Mathematical labs.,

Inc., Carlisle, Mass. March 1963, 25p.

AFCRL 63 137, AD 409 453, N63-18357.

Decoding procedures are formulated, and

their performance established, for products

of binary group codes of even minimal weight

and for Hobbs's codes of any dimension ....

CORRELATION FUNCTIONS FOR THE

RANDOM BINARY WAVE (Correspondence)

P.Wo Cooper, IEEE Trans. Commun.

Syst., vol. CS-11, no. 4, Dec. 1963,

p. 496/497.

This note presents expressions for the

autocorrelation function, its Hilbert

Transform, and the associated "envelope"

and "phase" functions for the band-limited

random binary wave. Interest in these

functions could arise, for example, in

analysis of the "envelope" of a signal and
in correlation detection of a single side-

band waveform, o . .

ELECTRON TUBE RESEARCH

N. DeClaris, Cornell U. School of Electrical

Engineering, Ithaca, N.Y., Quarterly

progress rept., no. 11, 1 June-31 Aug.

1962. 31 Aug. 1962, iv. incl. illus.,

tables, refs. ,(Research rept. no. EE-

537; Rept. no. 15), AD 291 073.

This report included: AN EXPERIMENTAL
STUDY OF THE CONSTRUCTION OF BINARY

SIGNALING ALPIIABETS FROM RANDOM

BINARY SEQUENCES, by H.S. McGaughan

and George S. Downs. 1 Sept. 1962, iv. incl.

illus, tables. (Research rept. no. EE 534;

Technical rept. no. 72)

THE TflEORETICAL COMPARISON OF

TttREE DIGITAL SYSTEMS FOR SPACE

TELEMETRY (In French)

J. Dupraz, Onde Electr., vol. 43, no. 432,

March 1963, p. 298/310.
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. . . theoretical comparison of three
digital systems . . . relate the orthogonal

binary codes of which the possibilities have
recently been discovered.., to the PCM
non-redundant code . . . results of the

theory of statistical detection...
techniques of demodulation.., criterion
used for comparison is the efficiency co-
efficient _ as defined by Sanders . . . derive

the advantages and disadvantages of orthognal
codes. This allows a considerable increase

in the range of the circuit for a given
radiated power but at the cost of a considerable
increase in the bandwidth.

POLYPHASE CODES WITH GOOD NON-
PERIODIC CORRELATION PROPERTIES

R.L. Frank, IEEE Trans. Inform. Th.,
vol. IT-9, no. 1, Jan. 1963, p. 43/45.

N-phase codes are described which have
an autocorrelation function with one main

peak and very small side peaks. With N phases

an N long pulse sequence is generated.
Properties have been verified for N up to 8
and a rule for main peak-to-side-peak ratio
is conjectured for larger N. For N greater
than 5, the ratio is substantially better than
the best ratios which have been shown for

binary bipolar codes. Doppler shift effects
appear to be similar to those of linear FM
radar pulse compression... A comparison
of the performance of higher-order polyphase
codes with similar length binary codes
indicates a superiority in the polyphase codes.

AN INTERESTING DECOMPOSITON
PROPERTY FOR THE SELF-PRODUCTS
OF RANDOM OR PSEUDORANDOM

BINARY SEQUENCES (Correspondence)

W•J. Gill, et al., IEEE Trans. Commun. Syst.,
vol. CS-11, no. 2, June 1963, p. 246/247.

ON THE SELECTION OF AN ORTHOGONAL

SIGNAL ENSEMBLE FOR THE
TRANSMISSION OF BINARY DATA

L.R. Halsted, Rec. Nat. Commuu. Symp.,
vol. 9, Oct. 1963, p. 66/74.

. . . considers binary data transmission
systems in which signal interference may be

caused by a combination of signal blanking
and fading, additive impulse noise, and additive
nonwhite gaussian noise. For each disturbance
the paper shows how the error rate can be

improved by the suitable choice of a signal
ensemble, and it discusses the choice of a good
signal ensemble for a given combination of
these disturbances. The systems are assumed
to use ideal linear correlators for signal
detection and to have minimum bandwidth for

transmitting the data in binary form. The paper
also illustrates the role of n-by-n orthogonal
matrices in the choice of a signal ensemble to
transmit a block of n information bits ....

A TRACTABLE BERNOULLI-SEQUENCE
GENERATOR

C.C. Hoopes, Proc. Nat. Electronics Conf.,
vol. 19, Oct. 1963, 282/294.

• . . implementation and evaluation of a

random-pulse-train generator. The technique
is of special interest and advantage for those

testing or working with digital equipment. The
generator is a reliable, reproducible, and
stable source of Bernoulli sequences with p in
the range 10 -3 to 10 -1 . The Bernoulli

sequence is generated by means of a noise

source in conjunction with a shift-register
generator...

The error probabilities for uncoded

multiple alternative transmission of the output
of a discrete data source are derived quite
generally and numerically evaluated for a
sample case. Specifically, the source emits
D-ary equiprobable messages (information
digits) which are represe_ed by (associated

with) an M-ary alphabet (transmission digits)
so as to minimize the average symbol
length in the M-ary representation. One of
the M signals is transmitted and a M-ary
decision made in the receiver• A sequence

of these received digits is then reassociated
into the information alphabet .... phase-
coherent reception in a non-fading additive
Gaussian noise channel . . . No bandwidth

constraints are imposed. One of the major
conclusions is that.., the optimum
transmission alphabet size to minimize the

average D-ary error probability has M equal
to D . . .

ON THE APPLICATION OF SOME DIGITAL

SEQUENCES TO COMMUNICATIONS
J.K. Wolf, Rome Air Development Center,

Griffiss Air Force Base, N.Y., Final
rept.,Aug. 1963, 15 p., Proj 4519, Task

451_03; RADC TDR63 314, AD 417 232.

• . . filtering a random binary sequence
with certain finite memory, linear and non-
linear filters. The statistical properties
of the filtered sequence are considered...
standard methods of analysis are used to
obtain some new results which havc potentia!

application in communications systems.

ON THE APPLICATION OF SOME DIGITAL

SEQUENCES TO COMMUNICATION
J.K. Wolf, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 422/427.

WEAK SIGNAL COMMUNICATION

TECHNIQUES
Bell Telephone Labs., Inc., Whippany,

N. J., Final rept., May 1961 - Apr.
1963. July 1963, 96 p.,AD TDR63
525.

. . . analysis of FSK systems with noise-
like signals, and determination of group code
performance .... An octary system, a
breadboard version implemented under this
program, is described in detail.

Related Publications:
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AN ELECTRONIC GENERATOR OF RANDOM

SEQUENCES (In Czech• )

J. Havel, Slaboproudy Obzor, vol. 20, no. 12,

1959, p. 735/740.

RANDOM SIGNAL CODING FOR FINITE

MESSAGE SETS

T.L. Grettenberg, Stanford Electronics Labs•,

Stanford U., California, 30 June 1961, 65 p.,

(Tech. rept. 2004-3), AD 262 357

The divergence between statistical hypoth-
eses is used as a criterion for selection of a

finite transmitter alphabet in a communications

system. The members of the transmitter

alphabet are sample functions from one of a

finite set of normally distributed random

processes. The receiver uses a maximum-

likelihood decoding procedure, and the pro-

bability of error is evaluated for this receiver
for a class of codes having orthogonal cov-

ariance functions.

SHIFT REGISTERS GENERATING MAXIMUM-

LENGTH SEQUENCES

P. H. R. Scholefield, Electronic Teehnol.,

vol. 37, no• 10, Oct• 1960, p. 389/394.

AN ELECTRONIC GENERATOR OF RANDOM

NUMBERS

G.M. Dillard, et al., Navy Electronics Lab•,

San Diego, Calif., 21 Dec. 1962, 24 p• incl.

illus.,tables, 6 refs•, (NEL rept. no. 1152),
AD 296 752.

A NEW DIGITAL MATCttED FILTER

COMMUNICATION TECItNIQUE

G.E• Goode, Conf. Proe• Nat• Conv• Mil.

Electronics, vol. 6, June 1962, p• 371.

Abstract Only.

RECOVERY OF RANDOMLY SAMPLED TIME

SEQUENCES (Correspondence)

C.S. Lorens, IRE Trans. Commun• Syst•,

vol• CS-10, no. 2, June 1962, p. 214/216.

• . . Incoded communication systems the times

of channel availability are random .... This

paper considers the noise and recovery problem

associated with a random sampling of a

continuous time sequence ....

DELAY-LOCK TRACKING OF BINARY

SIGNALS

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif.,Tectmical rept. on
Communications, Sept. 1962, 30 p• incl.

illus•,refs.,(Rept, no. 6-90-62-85),
AD 285 566.

• . . The dealy-lock discriminator is a

nonlinear feedback system which employs a
form of cross-correlation in the feedback

loop. Its function is to estimate continuously

the relative delay betweeu a reference signal

and a delayed version of that sig_lal which is

perturbed with additive noise• Bhmry

nlaximal-length shift-reg_ister sequences are
used as the signal because they can easily I)e

regenerated with any desired delay and because

they possess desirable autocorrelation ['unctions,
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Problems of target search and acquisiton are

stuided. The system performance in the

presence of additive Gaussian noise is discussed.

Computations are made of the effect of ampli-

tude-limiting the received data on the system

noise performance•

SEVERAL CLASSES OF CODES GENER-

ATED FROM ORTHOGONAL FUNCTIONS

P. Hsieh, et al•, IEEE Trans. Inform. Th.,

vol. IT-10, no. 1, Jan• 1964, p• 88/91•

• • . utilizing the existing knowledge of

discrete error-correcting binary codes • . .

The method consists in constructing the

transformation matrix • . . that performs

the linear transformation by taking the

finite set of orthogonal functions into the
set of continuous code words .... In

constructing sigTmls for continuous channels,

it is possible to use waveform redundancy

to reduce the probability of transmission

error .... In particular, discrete ternary
codes using symbols -1, 0, 1 are constructed

to form some classes of continuous codes .

M-ARY SIGNALLING AND BALANCED

INCOMPLETE BLOCK DESIGNS

A.S. Kobos, Rome Air Development Center,

Griffiss Air Force Base, N. Y.,

Final rept., June 1963, 11 p., Proj.

4519, Task 451903, RADC TDR 63 256,
AD 413 835, N63-19779.

A set of code words obtained by the cyclic

permutation of binary sequences having

autocorrelation functions with only two values

is discussed• The relationships of this type

of code to solutions of balanced incomplete
block design problems and other mathematical

constructs are presented• These codes consist

of m words of m binary digits each. A

simple m-cry system transmitting through
white Gaussian noise is used to discuss error

probabilities .... The advantages of sig-

nalling with this type of code, as compared

to orthogonal code words, are discussed.

STATISTICAL PROPERTIES OF THE

INTEGRAL OF A BINARY RANDOM

PROCESS

D•G. Lampard, et al., IEEE Trans. Circuit

Theory, vol. CT-10, no. 3, Sept• 1963,

p. 413/427, 26 refs•

• . . Statistical properties of the output

z(t) of a finite time integrator are discussed•

The input process considered is a binary

random process y(t) having successive axis-

crossing intervals which are statistically

independent. Transform expressions are
derived for the first- and second-order

transition probability densities of the integrated

process, and it is shown how these results may
be extended to three or more dimensions.

Four processes are considered as examl)les.

BINARFOLGEN LINEAR RUCKGEKOPPLTER

SCHIEBEREGISTER, ER ZEUGUNG,
EIGENSCHAFTEN UND ANWENDUNG-

SBEISPIE LE (Binary Effects of Coupled
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Linear Feedback Shift - Register, Gener-

ation, Characteristics and Examples of

Application)

It. H. Leibelt, Deutsche Versuchsanstait fur

Luft- und Raumfahrt, Oberpfaffenhofen,

(W. Germany), Inst. fur Flugfunk und

Mikrowellen, Nov. 1963, 89 p., refs.,

in GERMAN, Available from Vereinigte

Universitats-u, Fachbuchhandlungen, R.

Wagner Str. 1, Cologne, W. Germany,

(DVL-307), N64-15032.

The characteristics of the binary effects

generated by a coupled-feedback linear shift

register are discussed. Emphasis is placed

on investigations of period length, the corre-

lation function, and the number of effects with

maximum-period length.

POWER AND SIGNAL-TO-NOISE CALCULA-

TIONS OF A CERTAIN PSEUDO-RANDOM

SIGNAL

E.J. McManus, Jr., Army Missile Command,

Redstone Arsenal, Huntsville, Ala., 25 Jan.

1963, 16 p. incl. illus. 3 refs. (Rept. no.

RE-TR-63-1, AD 297 096.

• . . shown that the amplifier bandwidth

which maximized the output signal-to-noise

ratio is given by 2/tau, when tau is the bit

length in the pseudo-random sequence

TRANSMISSION OF TELEMETRY DATA BY

MEANS OF GROUP CODES

E.V. Mitriaev, (Radiotekhnika i Elektronika,

vol. 8, June 1963, p. 923-929, In Russian),

Radio Engineering and Electronic Physics,

volo 8, June 1963, p. 923/940. Translation.

A64-17556.

Discussion of a method of optimum represen-

tation of digital data by group code combinations.

The method is stated to minimize the mean risk

with the power of the loss function s > 1 and

with uniform probability distribution. Statement

of the problem, properties of the group code

combination-transformation matrix, the best

permutation and its properties, and an example

of optimum correlation are considered ....

ERROR PROBABILITIES FOR UNCODED M-

ARY TRANSMISSION OF D-ARY DATA

A.H. Nuttall, Litton Industries, Waltham,

Mass., 1 Aug. 1963, 26 p., Rept. no.

TR63 6BF, AD 420 125.

DETECTION OF A SIGNAL MODULATING

A RANDOM NOISE CARRIER (In French)

C. Ducot, Onde Electr., vol. 43, no. 433,

Apr. 1963, p. 452/455.

IMPROVING TftE QUANTITIZATION OF
RANDOM SIGNALS BY DITHERING

G.G. Furman, RAND Corp., Santa Monica,

Calif., May 1963, 35 p. , RAND

RM3504 PR, AD 405 473.

. . . practical problems of determining

the effects of independent quantizer activators

called dithers upon the statistical processing

properties of the quantizer . . . For the highly

important sinusoidal and sawtooth dithers

exact analysis yields for the first time answers.

. . . to the question of what upper bounds does

the dither impose.

A RANDOM ACCELERATION MODEL FOR

FILTERING POLYNOMIAL-LIKE SIGNALS

L. Jones, et al., Lincoln Lab., Mass. Inst. of

Tech., Lexington, 25 Oct. 1963, 15 p.,

Rept. no. 28G3, AFESD TDR63 567, AD 423
431.

Random type models for filtering discrete

time, polynomial-like signals from noise are

discussed. The particular model analyzed is

a second-degree polynominal with the accel-

eration (second derivative) considered to be

a random process. The optimum filter

corresponding to this model is derived . . .

THE SYNTHESIS OF NONLINEAR FEEDBACK

SHIFT REGISTERS

K°B. Magleby, Stanford Electronics Labs.,

Stanford U., Calif., Oct. 1963, 89 p., Rept.

no. 63 118, TR 6207 1, AD 428 081.

Two domains that describe the behavior of a

feedback shift register were developed. These

are the sequence and polynomial domains,

which are analogous to the frequency and time

domains in the description of continuous systems.

The domains are related by an expansion of

orthogonal functions .... In the procedure,

the output sequences are mapped to the roots of

irreducible polynomials, thereby providing an

algebraic description of the register's behavior.

To synthesize the shift register in the sequence

domain, several properties of the output se-

quences are needed .... The cycles and out-

put sequences of a simple, circulating shift

register are used to synthesize an arbitrary

feedback shift register.

SYNCHRONIZATION OF COHERENT

D E T E C TORS

I. Selin, et al., IEEE Trans. Commun. Syst.,

vol. CS-11, no. 1, March 1963, po 100/109.

The estimation of carrier frequency and

suBcarrier epoch in a coded- "noise" commu-

nication system is discussed ....

CONDITIONS OF MAXIMUM NOISE IMMUNITY

OF SYSTEMS WITH ACTIVE SPACING

INTERVAL AND INDETERMINATE SIGNAL

PHASE

I.A. Tsikin, Radio Engng: Transl. of Radio-

tekhnika vol. 18, no. 7, July 1963,

p, 1/11.

. . . The hypothesis that orthogonal systems,

in the wide sense, ensure maximum noise

immunity in a channel with indeterminate signal

phase in the presence of additive fluctuation

noise was first advanced by L. M° Fink . . .

A rigorous proof of this statement is given below

for the special case of binary systems with

Rayleigh fading of the signal. Considerations

are also developed for optimum choice of signals

with non-Rayleigh fading and for the noise

immunity of multiposition systems ....
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I. 315: Special Sets of Orthogonal Waveforms

Included: Time limited orthogonal outputs of networks; Orthogonal polynomials products of trig-

onometric functions; Orthogonal network problems; Laguerre polynomials.

Not Included: Orthogonal multiplexing techniques (2); Orthomux systems (2).

Cross References: Orthogonal digital sequences (1. 314); Impulsing of linear networks in general

(1. 311); Orthogonal multi-signal systems (1. 317); Ortho-normal exponentials (1. 311); High

order data transmission systems (1. 313); Signal theory of digital waveforms (1. 311); Matched

filter extractors (1. 372).

Principal Publications:

ON THE APPLICATION OF FOURIER ORTHOG-

ONAL FILTERS

H. Blasbalg, East Coast Conf. Aeronautical

Navig. Electronics, vol. 5, Oct. 1958,

p. 165/172.

• . . filters have been synthesized for

generating the Laguerre Functions and a tranversal

filter has been suggested for generating the

Hermite Orthogonal Functions (Gram Chalier

Series) . . . In this paper, we propose to

show that a set of simple physically realizable

filters can be synthesized which sample

the frequency spectrum of the input signal.

It is well known that corresponding to the

sampling theorem in the time domain there

exists and equivalent theorem for the fre-

quency domain...

without increase of distortions due to additive

white normal noise• A method for the elimina-

tion of the phase information is based on the

decomposition of the audio signal by correlation

with a set of orthogonal functions• These

correlations yield for each orthogonal process

these coefficients in analogue or digital computers

to reduce further the bandwidth required for the

transmission of audio signals with certain spectral

distribution, e.g. voice signals ....

"ANALOGRECHENSCHALTUNGEN FUR DIE

ENTWICKLUNGSKOE FFIZIENTEN NACH

ORTtIOGONAL FUNKTIONE N (Determina-

tion of the Coefficients of Expansions into

Orthogonal Functions by Analog Computers. )

(In German)

R. Herschel, Elektron. Rechenanlagen, vol. 3,

no. 5, May 1961, p. 212/217.

A METHOD OF DESIGNING SIGNALS OF

LARGE TIME-BANDWIDTH PRODUCT

E. L. Key, et al., IRE Intern. Cony. Rec.,

vol. 4, March 1961, p. 146/154.

• . . wherein the envelope shape and auto-

correlation function may both be separately

specified... The design problem hinges on

an integral equation, for which an approximate

solution, valid for large time-bandwidth

products, is found by the method of stationary

phase...

QUANTIZATION IN COHERENT AND

QUADRATURE RECEPTION OF ORTHOG-
ONAL SIGNALS

,3. Lieberman, RCA Rev., vol. 22, no. 3,

Sept. 1961, p. 461/486.

• . . The analysis is given for both coherent

and quadrature detection with ideal analog

signal processing and for digital processing

using time and amplitude quantization.

A NEW MULTIPLEX TECHNIQUE FOR
TELEMETRY

A. H. Ballard, Nat. Telem. Conf., June

1962, 6-2, p. 1/16.

• . . The name ORTHOMUX (meaning

Orthogonal Waveform Multiplexing) has been

adopted to describe the new concept .... The

polynomial waveforms which exhibit this

property may be generated in a very simple

way by cascading miniature circuit modules

fully transistorized in design ....

RADIATION INCORPORATED SIGNALING

SYSTEM STUDY

D. D. Baxler, Radiation Inc., Orlando, Fla.,

Spectial rept., 1 June 1961-31 May 1962,

31 May 1962, 98 p. incl. illus., 48 refs.,

AD 283 320.

• . . almost exclusive attention is given to

the dipulse (a single cycle of a sine wave) and

tripulse (the matched filter response to a

dipulse). The spectra of the signals are

displayed and the concept of the matched filter

is discussed and applied as the optimum

detector for the signals in question.

THE ANALYTIC SIGNAL REPRESENTATION OF

MODULATED WAVE FORMS

E. Bedrosian, Proc. IRE, vol. 50, no. i0,

Oct. 1962, po 2071/2076.

• . . a rather general and mathematically

convenient formulation of analog-modulated

signals which makes use of the analytic signal

concept. Known types of modulation are

readily identified as special cases .... a

new type of modulation has been discovered--

single sideband frequency modulation (SSB FM)--

which can be derived from a conventional phase-

modulated sig_ml by an additional amplitude

modulation, using the exponential function of

the modulating signal's liilbert transform. The

resulting modulated sig]ml will have a one-sided

spectrum about the carrier frequency, will be

compatible with existing FM receivers, and

will cause a decrease in sig_ml bandwidth.
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A REVIEW OF ORTHOGONAL SQUARE-WAVE

FUNCTIONS AND THEIR APPLICATION TO

LINEAR NETWORKS

J. L. Hammond, Jr., et al., J° Franklin Inst.,

vol. 273, March 1962, p. 211/225.

A NOTE ON ORTHOGONAL DIGIT CODING

L. Kurz, Proc. Nat. Electronics Conf., vol.

18, Oct. 1962, p. 775/782.

. . . considers some general ideas pertaining

to multisignal coding for digital communication

systems perturbed by additive Gaussian noise

which may be non-white with a known demodulated
noise power density spectrum. The signals are

formed from weighted sums of the orthogonal

set of eigenfunctions generated by an integral

equation with its kernel corresponding to the
inverse Fourier transform of the Gaussian noise

power density spectrum. The orthogonal digit

codes thus generated afford greater reliability

for fixed data rate and average power limited

communication links then do binary digit

codes . . . A new interpretation of the results

in terms of the matched-filter-theory is given.

TWO DIMENSIONAL SIGNAL REPRESENTATION

USING PROLATE SPHEROIDAL FUNCTIONS

D. A. Landgrebe, et al., Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, po 774.

Two separate methods for defining two di-

mensional signal representations are presented,

using time- and bandlimited forms of the prolate

spheroidal functions in order to maintain the

desired two dimensional conceptual qualities as

well as mathematical convenience . . . Due to

the peculiar properties of the prolate spheroidal

functions, as the number of orthogonal function

terms is increased, the representation of a time

limited function tends to converge first in a

specified bandwidth and the representation of a

hnndlimited function tends to converge first in a
certain time interval.

• . . The spectrum of the product of two time

functions may be determined in a similar manner

at discrete values of frequency . . . Simple

numerical examples are presented for some of
these properties.

EFFECTS OF FADING ON QUADRATURE
RECEPTION OF ORTHOGONAL SIGNALS

G. Lieberman, RCA Rev., vol. 23, no. 3,

Sept. 1963, p. 353/395.

• . . An analysis of effects of fading, fre-

quency instability, and noise on quadrature

reception of orthogonal signals is given . . .

The analysis includes effects of the shape of the

spectrum of the fading carrier. The model

assumes nonselective fading consisting of a
specular component superposed on a Gaussian-

process random component. The measure of

error probability performance used consists of

quantiles of error probability as well as the

mean probability of error.

REPRESENTATION AND ANALYSIS OF

SIGNALS. PART IX. "COMPLEMENTARY"

SIGNALS AND ORTHOGONALIZED

EXPONE NTIA LS

T. Y. Young, et al., Johns Hopkins U•, School

of Engineering, Baltimore,Md., 1 Jan. 1962,

32 p., AD 271 107.

SEISMOLOGICAL APPLICATIONS OF ORTHO-

GONAL FUNCTION EXPANSIONS

United Eleetrodynamics, Inc., Pasadena, Calif.,

Quarterly progress rept. no. 2, 1 May-

31 July 1962, 13 Aug. 1962, 11 p., ARPA
Order 180 62, AD 419 789.

• . . complete sets of orthogonal functions can

be defined by specifying their pole patterns• Cir-

cuits with these same frequency responses,

modeled on an analog computer, have impulse

responses which are the orthogonal functions

themselves• Examples of several such sets

presented in this report show what resonant

and decay characteristics of the time functions

result from different pole patterns.

SEISMOLOGICAL APPLICATIONS OF ORTHO-

GONAL FUNCTIONS EXPANSIONS

United Electrodynamics, Pasadena, Calif.,

Semi-annual technical summary report, 28

Feb. 1963, 10p., 5 refs., AD 401 029•

• . . describes how an analog computer can

form the orthogonal expansion and digitize the

coefficients automatically . . ° A set of complex

pole orthogonal functions with Q's of 4 covering

the short period seismic band are used for a

time varying power spectrum analysis of seismic

noise and signals ....

A NOTE ON DIFFERENTIAL APPROXIMATION

AND ORTHOGONAL POLYNOMIALS

R. Bellman, Rand Corp., Santa Monica, Calif.,

March 1963, 5 p., Memo. no. RM-3482-PR,

AD 299 487.

SOME FORMULAS INVOLVING PRODUCTS OF

TRIGONOMETRIC FUNCTIONS SPACED AT

REGULAR INTERVAI_

M. Blumberg, Lockheed Aircraft Corp., Stumyvalc,

Calif., Dec. 1962, 106 po, Rept. no. 6-90-

62-125, AD 401 223.

Functions of the complex variable z - x + jy

involving products of trigonometric functions

spaced at regular intervals . . . A compilation

of the important formulas derived in the text

together with examples is given in the appendix.

DESIGN OF INPUT WAVEFORMS TO YIELD

TIME LIMITED ORTHOGONAL OUTPUTS

J. B. Campbell, et al., Northeastern U.,

Boston, Mass., Scientific rept. no. 3 March

1963, 61p., N63-19808, AD 411 224.

Given a time-invariant, linear system, with

impulse response h(t), system function H(s), is

there a set of input signals which results in a set

of output signals that are orthogonal on a given

interval of time . . . It is shown that the pro-

posed solution involves finding a set of real-

valued, finite-energy Pk(t) which are 'sufficiently

differentiable' for the rational system function

and which have the property that the set N( D ) pk(t)

is orthogonal, N( ) being the polynomial of differ-

entiation equivalent to the polynomial N(s) . . . It
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is demonstrated that many such sets can be found

for a given rational H(s).

CURVE FITTING BY MEANS OF ORTHOGONAL

POLYNOMIALS

D. J. Crouse, Philco Corp., Palo Alto, Calif.,

15 March 1963, 1 vol., Rept. no. WDL-TR1998,

AD 298 715.

A RECURSION PROCESS FOR THE GENERA-

TION OF ORTHOGONAL POLYNOMIALS

IN SEVERAL VARIABLES

D. E. Dupree, In NASA, Marshall Space Flight

Center Progress Rept. no. 3 on Studies in the

Fields of Space Flight and Guidance Theory,

June 15-Dec. 20, 1962, Feb. 6, 1963, p.

181/188, 2 refs., N63-16809.

KODIEREN MIT ORTHOGONALEN FUNKTIONEN.

I. GRUNDLAGEN (Encoding with Orthogonal

Functions. I. Fundamentals) (In German)

H. F. ttarmuth, Arch. Elekt. Uebertragung, vol.

17, Sept. 1963, p. 429/437.

The characters of code alphabets can be repre-

sented by the superposition of orthogonal time
functions. This representation permits the detec-

tion of telegraph signals by cross-correlation with

a few sample functions rather than by cross-

correlation with many sample characters that can

be assembled from these functions . . . Further-

more, the fundamentals for the computation of the
relative error rates due to thermal noise are

derived. They will be used in a forthcoming paper

to devise alphabets that permit an error-free

transmission. Unlike the error-free alphabets

devised by Elias they allow to approach arbitrarily

well Shannon's limit of the transmission capacity

of a communication channel ....

KODIEREN MIT ORTItOGONALEN FUNKTIONEN

II. KOMBINATIONS-ALPHABETE UND

MINIMUM-E NERGIE-A LPHABET E (Encoding

with Orthogonal Functions: II. Combination

Alphabets and Minimum-Energy Alphabets)

(In German)
H. F. Harmuth, Arch. Elekt. Uebertrag_ng,

vol. 17, Nov. 1963, p. 508/518.

SEVERAL CLASSES OF CODES GENERATED

FROM ORTIIOGONAL FUNCTIONS

P. IIsieh, et al., IEEE Trans. Inform. Th.,

vol. IT-10, no. 1, Jan. 1964, p. 88/91.

. . . utilizing the existing knowledge of dis-

crete error-correcting binary codes . . . The

method consists in constructing the transforma-

tion matrix . . . that performs the linear

transformation by taking the finite set of ortho-

gonal functions into the set of continuous code

words .... In constructing signals for con-

tinuous channels, it is possible to use wave-

form redundancy to reduce the probability of

transmission error .... In particular, discrete

ternary codes using symbols -i, 0, I are con-
structed to form some classes of continuous

codes ....

NON-U NI FORM I,Y-WEIGI 1TE 1) ORTI IONOI{MA I_

OVEI{-DAM IN':D EXPONI':NTIA I,

A P PROXIMATIONS

J. M. Mendel, Douglas Aircraft Co., Inc.,

Santa Monica, Calif., Missile and Space

Systems Div., 7 Jan. 1964, 101 p°, refs.,

SM-45777, N64-17757.

Weighting functions that emphasize small

values of time, large values of time, or a range

of time (tl,t2), tl > 0, are considered. Exponen-

tial approximants are developed in,terms of the

classical Jacobi Polynomials. Its is shown that

these approximants (1) are orthonormal with

respect to a nonuniform weighting function . . .

(2) are of any asymptotic order (in the s-domain)

• . . (3) have their poles equally spaced along

the negative-real axis of the plane . . .

TRANSMISSION OF INFORMATION BY MEANS

OF ORTItOGONAL SIGNALS

I. M. Teplyakov, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 4, April

1963, p. 1/5.

. . . We shall consider the transmission of

quantized functions, the spectrum of which is
contained within the band from zero to a frequency

W 0. The interval T O between two adjacent samples
of a function will then be determined by W 0, i.e.,

T O = 1/2 W 0. All quantization levels will be

assumed equiprobable, their number being denoted

by L .... if no delay is introduced either in

transmission or reception, the L possible quan-

tization levels must be transmitted by means of a

system of L/2 equiprobable orthogonal signals and

their opposite signals .... Such a system of

signals will be termed optimum .... A reduction

of the required signal power can be obtained by

introducing delays in the transmission and recep-

tion of information in the following manner. Two

function samples will be combined into one sample

having L 2 quantization levels. At the same time

an additional delay of value T O will be required in
transmission ....

CONDITIONS OF MAXIMUM NOISE IMMUNITY

OF SYSTEMS WITtI ACTIVE SPACING

INTERVAL AND INDETERMINATE SIGNAL

PtIASE

I. A. TsiMn, Telecommunications and Radio

Engineering. Part 2 - Radio Engineering,

July 1963, p° 1-11, 5 refs., Translation,
A64-15462.

Proof of the statement that orthogonal signals

in the wide sense ensure maxinmm noise immunity

in a channel with indeterminate signal phase. The

special ease of binary systems with Rayleigh fading

of the siglml is considered, with development for

optimum signal choice with non-Rayleigh fading,

and for noise immunity of multiposition signals.

It is pointed out that the operating principle of an

optimum receiver is the same in the presence of

Rayleigh fading as in its absence .... demon-

strating that orthogonality in the wide sense is

also necessary in the case of codes with a base

greater than two ....

ABBRI.:VIATEI) REPRESENTATION OF SIGNALS

BY MEANS OF SYSTEMS OF ORTIIOGONAL

FUNCTIONS
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A. M. Zayezdynyy,etal., RadioEngng:Transl.
ofRadiotekhnikavol.18,no. ii,
Nov.1963,p. 3/11.
. . . Abbreviateddescriptionmeanstherepre-

sentationofassignedsignalsin theformof
expansionsinanewsystemoforthogonalfunctions
withasmallernumberofterms.A methodof
obtaininganewsystemoforthogonalfunctionsthat
providesanabbreviatedrepresentationofassigned
signalswithleastroot-mean-squareerror is
given....
Related Publications:

A NOTE ON CHAR'S ORTHOGONAL NETWORK

SOLUTION

P. M. Honnell, Tensor Club, Gt. Brit., vol. 9,

March 1959, p. 72/77

CAUER COORDINATES AND ORTHOGONAL

NETWORKS

P. M. Honnell, Tensor Club, Gt. Brit., vol. 9,
June 1959, p. 102/106.

A CRITERION FOR THE DIAGONAL EXPAN-

SION OF A SECOND-ORDER PROBABILITY

DISTRIBUTION IN ORTHOGONAL POLY-

NOMIALS

J. L. Brown, Jr., IRE Trans• Inform. Th., vol.

IT-4, Dec. 1958, p. 172.

ON SIGNAL PARAMETER ESTIMATION

E. M. Glaser, et al., IRE Trans• Inform. Th.,

vol. IT-4, Dec. 1958, p. 173/174•

. . . ideas of Statistical Decision Theory are

applied to estimate the parameters of signals

represented by a linear expansion of orthogonal
functions.

PULSE TRANSMISSION STUDY

H. Fiege-Kollmann, Westinghouse Electric Corp.,

Dec. 1959, 144 p•, Quarterly teeh. note No. 4,

RADC TN60-11, AD 232 838.

• . . Swinging waveforms... Experimental

investigation of frequency-amplitude-modulated

signals... (See also AD 312 170).

G. K. McAuliffe, et al., Westinghouse Electric

Corp, Baltimore, Md., June 1959, 118 p.,

Final report, AFCRC TR-59-166, AD 230 966.

• . . the use of higher order alphabets for

digital transmission is investigated• It is found

that, for a practical system, higher order

alphabets permit a more efficient approach

than binary alphabets towards the maximum
transmission rate .... A set of four

harmonic orthogonal waveforms is given ....

IMPULSING OF LINEAR NETWORKS IN

INTEGRATED DATA SYSTEMS

G. K. McAuliffe, IRE Trans. Commun. Syst.,

vol. CS-7, no. 3, Sept. 1959, p. 189/194.

Waveforms useful in data transmission

may be obtained by impulsing suitable linear

networks, and these same networks may be

used, in certain cases, as receiving matched

filters• A filter design for certain low-pass

waveforms is described, together with a

procedure for realizing band-pass analogs of

I O9

these low-pass waveforms. The latter avoid

the use of modulators ....

DERIVATIVES AND INTEGRALS OF THE

LAGUERRE POLYNOMIALS (Correspondence)

E. Mishkin, Proc. IRE, vol. 47, Sept. 1959,
p. 1652/1653.

THE AUTO AND CROSS CORRELATION

FUNCTIONS OF ELEMENTARY WAVE-
FORMS

E.I. Muehldorf, et al., Proc. Nat. Aeronautical

Electronics Conf., vol. 7, May 1959,

p. 232/239.

STATISTICAL MEASUREMENTS OF

DETECTION OF M ORTHOGONAL SIG-

NALS KNOWN EXCEPT FOR PHASE

D. W. Fife, Research Inst., U. of Michigan,

Ann Arbor, Dec. 1960, 9 p. (Technical

memo 81; Rept. 2899-40-T), AD 250 288.

• . . SIMulated Receiver and Recorder

(SIMBAR) equipment was used to make
statistical measurements of detection of M

orthogonal signals known except for phase

and starting time. The possible starting times

of the signals are overlapping. The results

are compared to the theoretical detection

performance for nonoverlapping signals.

PRODUCTS OF LAGUERRE POLYNOMIALS

J. Gillis, et al., Math Computation, vol. 14,

no. 69, Jan. 1960, p. 60/63.

ORTHOGONAL CODES

H. F. Harmuth, Proe. Instn. Elect. Engrs.

Part C., (London), vol. 107, no. 12, Sept. 1960,

p. 242/248.

Code alphabets whose characters can be

represented by a finite sequence of digits of

value +1 have been extensively investigated. The

characters of these binary codes may be consid-

ered to be superpositions of orthogonal functions,

one for _ach digit, which ara multiplied by +i or

-I. A character of an orthogonal code consists of

one function of a set of orthogonal functions

multiplied by +i or -i ....

ON THE TRANSMISSION OF INFORMATION
BY ORTHOGONAL TLME FUNCTIONS

H. F. Harmuth, Commun. Electronics,

no. 49, July 1960, p. 248/255•

RADIO COMMUNICATION WITH ORTHOGONAL

TIME FUNCTIONS

H. F. Harmuth, Commun. & Electronics,

no. 49, July 1960, p. 221/228.

AN ORTHOGONAL CODING TECHNIQUE FOR

COMMUNICATIONS

G. A. Franco, et al., IRE Intern• Cony. Rec.,

vol. 8, March 1961, p. 126/133•

• . . orthogonal time functions are utilized to

generate large alphabets.

AUDIO COMMUNICATION WITH ORTHOGONAL
TIME FUNCTIONS

H. F. Harmuth, Proe. Instn. Elect. Engrs. Part

C (London), vol. 108, no. 13, March 1961,

p. 139/144.
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Anaudiosignalmaybedecomposedinto
componentshavingcertainfrequencyandphase.
Halftheinformationofthesignalis containedin
thephaseofthefrequencycomponents.Since
thehumanearis almostinsensitivetophase,one
mayeliminatethephaseinformationwithout
causinganoticeablereductioninthesignalquality.
Theeliminationofthephaseinformationimplies
apermissiblereductionofthebandwidthrequired
for thetransmissionofthesignaltoone-half
andareductionofthesignalpowerby3dB
MAXIMUM-WEIGHTGROUPCODESFORTIIE

BALANCEDM-ARYCHANNEL
C.W.Helstrom,IRETrans.Inform.Th.,vol.

IT-6,no.5, Dec.1960,p. 550/555.

A METIIODOFDIGITALSIGNALLINGIN THE
PRESENCE OF ADDITIVE GAUSSIAN NOISE

L. Kurz, IRE Trans. Inform. Th., vol. IT-7,

no. 4, Oct. 1961, p. 215/223, 23 refs.

PERFORMANCE OF DIGITAL COMMUNICA-

TIONS SYSTEMS IN AN ARBITRARY

FADING RATE AND JAMMING

ENVIRONMENTS

A. B. Glenn, et al., Conf. Proc. Natl. Cony.

Mil. Electronics, vol. 6, June 1962, p.

168/173.

OPTIMIZATION OF SIGNAL WAVEFORMS

G. Lachs, IEEE Trans. Inform. Th., vol.

IT-9, no. 2, April 1963, p. 95/97.

A NEW METftOD OF FREQUENCY

SYNTHESIS

C. Lindholm, et al., Rand Corp., Santa

Moniea, Calif., July 1963, 39 p., 2 refs.,

RM-3756-PR, N63-20901.

. . . may be applied ° . . to wideband (spread

spectrum) techniques ....

SOME PROPERTIES OF TltE FINITE

CONVOLUTION

J. A. Sheehan, Mitre Corp., Bedford, Mass.,

17 July 1962, 26 p., 9 refs., Tectmical memo.

no. TM-3346, AD 291 868.

. . . In this paper, we shall impose upon

r(tau) and f(t) the restriction that they are mem-

bers of the class of functions on compact

support, that is, functions which vanish outside

finite intervals of the tau- or t-axis. Our main

results are a set of existence and uniqueness (or

non-uniqueness) theorems on the solution of

r(tau) in short functions. A short function is,

of course, simply the Fourier transform of a

band-limited sigllal, and a short auto-correlation

function is simply the Fourier transform of the

square of the envelope of a band-limited signal.

OMBINED FREQUENCY AND TIME-SHIFT

KEYED TRANSMISSION SYSTEMS

F. G. Splitt, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 414/421.

1.316: Spread Spectrum Waveforms

Included: Wide band carrier sigmals; Waveforms in noise communication systcms; Carrier pulses

with linear frequency modulation; Puise compression sig]mls; Logarithmic phase modulation

waveforms; Secure conmmnications techniques with spread spectrum signals; FM ramp signals,

swept frequency modulated waveforms; LIFMOP waveforms; Chirp-type signals.

Not Included: Pulse compression radar system; Matched filters; Correlation detection theory (2);

Circuits and hardware for spread spectrum techniques; RADAS - random access discrete address

systems (2).

Cross References: Orthogonal sets of digital waveforms (1. 315); Digital sequences as wideband

waveforms (1.314); WT product of digital waveforms (1.311); Pseudo noise sequences as data

signals (1. 314); Matched filter signal extractor for data systems (1. 372); Correlation receivers

for data systems (1. 373); Frequency time shift keying (FTSK) system (1. 334); Wide band modulation

methods (1. 920).

Principal Publications:

MODIFICATION OF PULSE COMPRESSION

WAVEFORMS

C.E. Cook, Proc. Nat. Electronics Conf.,

vol. 14, Oct. 1958, p. 1058/1067.

A new signal technique, pulse compression,

provides a means for increasing average power

with no loss in pulse resolution and for avoiding

peak power problems. One such technique, lin-

ear FM pulse compression, is described. The

compressed pulse waveform is characterized

by high sig_lal "sidclobes" which make the

signal undesirable for certain applications.

Three approaches to improvement of the pulse

shape arc investigated which show tlmt the
sidelobes can be reduced to a reasonable value,

although usually at the cost of some loss in

pulse resolvhlg capability.

NOISE-MODULATEF DISTANCE MEASURING

SYSTE MS

B.M. Horton, Proc. IRE, vol. 47, May 1959,

p. 821/828.

Distance-measuring systems using random

noise as the modulating function are described.

The distance measurement is accomplished

by correlating the modulation on the trans-

mitted and received signals.

A METIIOD OF SIDE-LOBE SUPPRESSION

IN PltASE-CODED PULSE COMPRES-

SION SYSTEMS

E.L. Key, et al., Lincoln Lab., Mass. Inst.

of Tech., Lexington, Aug. 1959, 8 p.,

(Tech. rept. no. 209), AD 229 403.
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This report presents a method whereby the

side-lobe level of a phase-coded pulse auto-

correlation function may be suppressed, in

principle, to any desired level.

PULSE COMPRESSION AND CODED

WAVEFORM TECHNIQUES

A.H. Nuttall, Melpar, Inc., Cambridge, Mass.,

March 1959, 180 p., (Rept. no. RADC TN-

59-177), AD 219 116.

A signal generated by a bank of parallel

filters is investigated for pulse compression

and coded waveform possibilities. The outputs

of the parallel bank are each multiplied by

either plus or minus one, and added to form a

noise-like transmitted signal. The construction

of an approximate receiving matched filter with

its inherent ambiguity and resolution are

investigated .... A pulse compression ratio
of 125 seems feasible.

LINEAR FM PULSE COMPRESSION (beats peak

power limits)

C.E. Cook, et al., Space Aeronautics, vol. 34,

no. 3, Sept. 1960, 124/129+148.
A PULSE COMPRESSION FILTER EMPLOYING

A MICROWAVE HELIX

V.E. Dunn, Stanford U., Calif., 27 Oct. 1960,

45 p. (Tech rept. no. 557-1), AD 247 460.

The basic principles of pulse compression

are discussed. It is shown that the desired phase

characteristics of the compression filter could

be interpreted as those of a length of a dispersive

structure, and the desire group (and phase)

velocity curves were derived...

THE CORRELATION FUNCTIONS AND

ENERGY SPECTRA OF FM RADAR
SIGNALS

S.E. Fal'kovich, Radio Engng: Transl. of

Radiotekhnika vol. 15, no. 12,

1960, p. 16/24.

• . . assumption that the duration T of the

signal is the same as the duration of... the

modulation period. ° ° it is supposed that the

signal can be regarded as a frequency-
modulated oscillation . . .

SPECTRAL MEASUREMENTS OF SLIDING
TONES

W. Gersch, et al., IRE Trans. Circuit Theory,

vol. CT-7, Aug. 1960, p. 26/39.

LINEAR-SLOPE DELAY FILTERS FOR

COMPRESSION (Correspondence)

T.R. O'Meara, Proc. IRE, vol. 48,

Nov. 1960, p. 1916.

WIDE-BAND CARRIER COMMUNICATIONS,
VOLUME IV. RANDOM SIGNAL CODING

FOR FINITE MESSAGE SETS

T.L. Grettenberg, Lockheed Aircraft Corp.,

Sunnyvale, Calif., Technical rept. on

Communications, June 1961, 65 p.,(Rept°

no. 6-90-61-59, supersedes Stanford

Electronics Labs., Rept. no. TR 2004-3,
AD 262 357), AD 264 328.

The divergence between statistical

hypotheses is used as a criterion for

selection of a finite transmitter alphabet

in a communication system. The members

of the transmitter alphabet are sample

functions f_ _m one of a finite set of normally

distributed random processes. The

receiver uses a maximum-likelihood decoding

procedure, and the probability of error is
evaluated for this receiver for a class of

codes having orthogonal covariance functions.

A METHOD OF DESIGNING SIGNALS OF

LARGE TIME-BANDWIDTH PRODUCT

E.L. Key, et al., IRE Intern. Cony. Rec.,

vol. 4, March 1961, p. 146/154.

. . . wherein the envelope shape and auto-

correlation function may both be separately

specified... The design problem hinges on

an integral equation, for wkich an approximate

solution, valid for large time-bandwidth pro-

ducts, is found by the method of stationary
phase . . .

PRINCIPLES OF PULSE COMPRESSION

H.O. Ramp, et al., IRE Trans. Mil. Electronics,

vol. MIL-5, no. 1, April 1961, p. 109/116.

OPTICAL PULSE EXPANSION/COMPRESSION

A. Reich, et al., t>roc. Nat. Aerospace

Electron. Conf., vol. 9, May 1961, p. 163/
169.

The desirability of improving radar signal

wave-form has led to the development of pulse

compression techniques . . . An optical pulse

expander-compressor has been designed and

constructed. This system provides pulse

expansion and pulse compression on a pulse-
to-puise basis in real-time _ _ .

WIDE-BAND CARRIER COMMUNICATIONS,
VOL I. AMPLITUDE MODULATION.

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif., Oct. 1960, lv.,(Rept.

no. LMSD-704011, vol. 1),AD 253 281.

. . . Wide bandwidth carriers are defined

as time functions with unmodulated bandwidths

much wider than that of the intelligence to be

transmitted. Both predictable and random

carriers are considered in some detail.

Optimum demodulation (Bayes estimation) is
compared with other forms of demodulation on

the basis of output signal-to-noise ratios.

Special forms of wide-band carriers are shown

to have a bandwidth utilization equal to that of

,_ingle-sideband sine wave carrier systems.

WIDE-BAND CARRIER COMMUNICATIONS.

VOLUME II. FREQUENCY MODULATION

OF RANDOM CARRIERS

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif., 1 Jan. - 18 March 1960,

(Tech. rept. on Communications), Oct. 1960,

1 v.,(Rept, no LMSD-704016, Vol. 2),
AD 253 282.
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Random-carrier communications using

frequency-shift modulation is described• This

is accomplished by transmitting a frequency

band of random energy in two forms; a reference

carrier is transmitted on one frequency band,

and a frequency-shift modulated version of the
reference carrier is transmitted on a second

band not overlapping the first. A basic

description of this communication channel is

presented, and its performance is computed

and experimentally verified in terms of the

output signal-to-noise ratio.

A STUDY IN DEMODULATION TECHNIQUES

J.A. Webb, Proc. Nat• Telemetering Conf.,

May 1961, 10-45/10-58•

• . • to explore spread-spectrum techniques,

and to discuss the use of these techniques for

secure communication purposes. Receiver

characteristics and lock-on criteria for signal

recovery are also discussed ....

ON THE DETECTION AND ESTIMATION

PROBLEM FOR MULTIDIMENSIONAL

GAUSSIAN RANDOM CttANNELS

J. K• Wolf, Rome Air Development Center,

Griffiss Air Force Base, N.Y., Nov. 1961,

26 p., (RADC-TR-61-214),
AD 268 492.

• . . Such a channel is characterized by

the property that a deterministic input results

in a set of received waveforms which are

sample functions of Gaussian processes. For

the detection problem, a receiver is found

which operates on the set of received wave-

forms and gives as outputs, voltages pro-

portional to the logarithm of the likelihood

functions of the possible transmitted signals•

For the estimation problem, it is assumed

that the intelligence-carrying signal is

itself a sample function of a Gaussian process

and a mathematical description is presented

of a receiver which has as its output the

maximum a posteriori estimate of this

signal• Examples are presented in which

optimum receivers are found for both the

detection and estimation problem.

CLOSED-FORM SOLUTION FOR THE

OUTPUT OF A FINITE-BANDWIDTH

PULSE-COM PRESSION FILTER

Proc• IRE, vol. 49, no• 6, June 1961,

p. 1086/1087•

RF PULSE COMPRESSION STUDY

J.G. Ferguson, Lockheed Aircraft Corp.,

Burbank Calif., Quarterly progrees rept.

no. 2, for period ending 20 Sept. 1962,

20 Sept. 1962, 12 p. incl. tables, 1 ref.,
AD 297 142.

A PROPERTY OF LINEAR FllEQUENCY

MODULATION (Correspondence)

A•J• Goldman, Proc. IRF, vol• 50, no. 7,

July 1962, p• 1711.

• . . A fact useful in connection with chirp

radars is that a linear FM signal of arbitrary

envelope, when passed through a suitable

network with linear delay characteristic, suffers

a reversal of the linear FM and a Fourier

transformation of the functional form of the

envelope. It is shown here that no other FM

signal and delay network are related in this

way. • •

EFFECTS OF PttASE ERRORS ON PULSE-

COMPRESSION SYSTEMS (Correspondence)

H.L. Groginsky, et al., IRE Trans. Inform. Th.,

vol. IT-8, no. 4, July 1962, p. 321/322.

• . • phase-error tolerances for a wide class

of pulse-compressions systems ..... de-

gradation of the ambiguity function for systems

in which the phase error is either stochastic
or deterministic

112

INFORMATION TP_kNSFER EFFICIENCY OF

WIDEBAND COMMUNICATION SYSTEMS.

PART II. BINARY COMMUNICATIONS

SYSTEMS USING WIDEBAND SIGNALS

J.C. Hancock, et al•, Purdue U. School of

Electrical Engineering, Lafayette, Ind.,

Final tech. rept• , June 1961-June 1962 on

Improved Information transfer Efficiency of

Wideband Systems_ July 1962, 151 p. incl.

illus., 16 refs., (ASD TDR 62-611, pt. 2),
AD 2 84 451.

Contents: The analysis of binary systems

(using a signal-space concept) Linear

receivers The application of linear receivers

Nonlinear receivers Applications of nonlinear

receivers Time compression methods

Adaptive receivers.

A LARGE TIME-BANDWIDTII PRODUCT

PULSE-COMPRESSION TECHNIQUE

R. C° Tilor, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 2, April 1962, p. 169/173.

• . . system which utilizes a linear FM
waveform has a theoretical upper limt to the

magnitude of its compression ratio or time-

bandwidth product. This limit is a function

of the observed target's relative radial

velocity, and the effect on the return signal

is characterized by both a pulse stretching

and amplitude reduction if the limit is exceeded.

The use of a logarithmic phase-modulation

signal waveform and a corresponding "matched"

receiver possesses the desirable characteristics

of the linear FM and in addition hasno upper

limit to the magmitude of the compression ratio.

A single receive pulse-compression filter is

matched for all target velocities ....

SECUItE COMMUNICATIONS, A
BIB LIOG I1A PIIY

North American Aviation, Inc., Downey, Calif.,

Rept. for i956-1962, 19 April 1962, 35 p.,

!Rept• no. SID 62-518), AD 282 471.
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PULSE COMPRESSION TECHNIQUES

(Correspondence)
M. Bernfield, Proc. IEEE, vol• 51, no. 9,

Sept. 1963, p. 1261.

• . . can be achieved by connecting a number

of fundamental all pass, linear dispersive delay

networks in series or by employing such series

chains as fundamental elements for a parallel

channel configuration. This communication

presents a theoretical comparison of these

pulse compression techniques ....

MATCHED FILTERING AND PULSE

COMPRESSION

M. Bernfeld, et al, Sperry Engineering Review,

vol. 16, Spring 1963, p. 44/53, 24 refs•,
A63-17586.

• . . compression of a long-duration signal

into a narrow pulse, based on large time-

bandwidth signal coding .... various aspects

of the search for the theoretical optimum pre-

detection filter are considered .... linear

FM pulse-compression filter . . . dispersive

time delay and range sidelobe reduction.

Briefly outlined is the paired-echo technique

of distortion analysis which has been used

extensively to study the effects of networks

and modulation distortion on pulse-compression
signals.

ASYMPTOTIC BEHAVIOR OF THE SPECTRA

OF RF PULSES WITH LINEAR FRE-

QUENCY MODULATION

S. L• Borison, et al., Lincoln Lab., Mass• Inst.

of Tech., Lexington, 9 Oct. 1963, 29 p.

refs•, (Rept. 41G-5; AD 421 872),
N64-17663.

• . . It is specifically shown that at fre-

quencies (measured from the carrier frequency)
much larger than the maximum FM deviation

the effect of the FM is small• In particular,

at a frequency 50 mc higher than the carrier

frequency, the envelope of the spectrum of a

10_sec rectangular pulse with 10-mc FM devi-

ation is less than 1% above the envelope of the

spectrum of a pulse with no FM• The spectrum
of a cosine pulse with these same characteristics

is increased by less than 3%.

PULSE-COMPRESSION PAIRED-ECHO

EXPERIMENTS (Correspondence)

C.E. Cook, ProcIEEE, vol. 51, no. 2, Feb.
1963, p. 383/384.

It is of interest to note that the linear FM

pulse-compression technique offers a direct

means for instrumenting a laboratory analysis

device that graphically demonstrates the effects

of the various parameters of the paired-echo

theory of signal distortion ....

DEMODULATION OF A SPECIAL AM-FM
SIGNAL

D.W. Dearholt, New Mexico U. Engineering

Experiment Station, Albuquerque; Sept. 1960,

64 p. incl. illus., 5 refs., (Technical rept.
no. EE-34), AD 287 483•

• • . The swept frequency range of the gen-

erator is chosen so that the resonant frequency
of the transducer lies within this range for all

anticipated values of the parameter to be

measured .... Demodulation is considered

complete if correct relative values of the

resonant frequency of the transducer are ob-

tained .... Results obtained from an experi-

mental peak marking circuit are compared with
theoretical results.

COMMENT ON "EFFECTS OF PHASE ERRORS

ON PULSE-COMPRESSION SYSTEMS"

(Correspondence)

J.V. DiFranco, et al., IEEE Trans. Inform. Th.,

vol. IT-9, no. 2, April 1963, p. 123.

• . • the effects of both phase and amplitude

errors on pulse compression systems have been

extensively reported in both the unclassified and

classified literature. In addition, (time domain)
multiplicative distortion has been treated. Some

pertinent references . . .

SWEPT FREQUENCY MODULATION. A
MEANS OF REDUCING THE EFFECTS OF

IMPULSE NOISE

J.C. Dute, et al., Michigan U., Ann Arbor,

Report on Telemetry and Command Destruct,

Dec• 1962, 19 p•, (ASD TDR 62-836),
AD 297 798.

STUDY OF },_CROWAVE R-F PULSE
COMPRESSION

J.G. Ferg_son, et al., Lockheed Electronics

Co., Plainfield, N.J., Final technical rept.,

25 Sept. 1962, 25 Sept. 1963, 115 p., ARPA

Order 296 62, AD 421 982.

THE DESIGN OF FM PULSE COMPRESSION
SIGNALS

E.N. Fowle, IEEE Trans. Inform. Th., vol.

IT-10, no. 1, Jan. 1964, p• 61/67.

• . . procedure for designing an FM signal

of arbitrary envelope shape so that it will have

a specified spectral modulus and hence, a spec-

ified autocorrelation function. The design pro-

cedure, which is based upon an approximate
analysis, gives best results when the duration-

bandwidth product of the signal is large, and it

is therefore useful in the design of pulse com-

pression signals ....
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A PULSE COMPRESSION SYSTEM EMPLOY-

ING A LINEAR FM GAUSSIAN SIGNAL

E.N. Fowle, et al., Proc. IEEE, vol. 51, no. 2,

Feb. 1963, p. 304/312•

• . . radar pulse compression system . . .

include the compression ratio, the detailed

characteristics of the signal, the sidelobe level

of the receiver output waveform (signal auto-

correlation function), the sensitivity of the side-

lobe level to Doppler frequency shift in the signal,

and the relative complexity of the equipment re-

quired to generate and receive the signal. A

signal of Gauss|an envelope and linear frequency
modulation is shown to have an autocorrelation

function of Gaussian shape .... desigm and

construction of equipment used to generate and

receive the signal . . .

APPLICATION OF SWEPT-FREQUENCY

MODULATION TECfiNIQUES TO PCM

TELEMETRY

E.K. ttolland-Moritz, et al., Institute of Science

and Tech., U. of Michigan, Ann Arbor,

Final rept., May 1962-Aug. 1963, Jan. 1964,

122 p., Rept. no• 5097 17F, AD 432 244•

• . . It compares optical, acoustic, and

electrical techniques for generating and proc-

essing SFM signals . . .

A LINEAR FM 1001:1 PULSE COMPRESSION

SYSTEM

R.W. Jacobus, MITRE Corp., Bedford, Mass•,

July 1963, 21p., TM 3529, ESD TDR63 237,
AD 411 537.

. . . synthesized as a linear time-invariant
filter .... The transmitted waveform is roughly

rectang_alar in shape, has a bandwidth of 1 mc,

and has a duration of one millisecond; the output

of the matched-filter receiver is consequently

(sin x)/x in shape (before side-lobe reduction)
and has a duration of about two microseconds

from null to null . . .

A WIDEBAND COMMUNICATION SYSTEM

USING FREQUENCY SLOPE MODULATION

(FSM)

tl.G. Lafuse, Proc. Nat. Electronics Conf.,

vol. 19, Oct. 1963, p. 346/357.

• . . The rf carrier of the system is a "chirp"

type sig_ml; i, e., a constant amplitude sinusoid

whose instantaneous frequency varies linearly

with time. The carrier frequency is swept per|-

odieally with the rate of change, or the slope, of

the frequency during each period being determined

by a modulating signal. In the FSM receiver the

rf signal is mixed with the same signal delayed in

time to produce a phase-difference siglrtl . . .

A shift in the center frequency of the envelope

due to a change in the slope of the rf signal re-

suits in a change in the amplitudes of the har-

monic components of the phase-difference sig-
nal . . .
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Experimental data from an FSM system

operating at C-band with a bandwidth of approx-

imately 60 megacycles is presented . . . serves

to establish the feasibility of wideband com-

munication systems.

THE USE OF PULSE COMPRESSION IN

MULTI PATH MEASUREMENTS

F.M. Lightfoot, et al., Rec. Nat. Commun.

Syrnp., vol. 9, Oct. 1963, p. 319/324•

The determination of multipath interference

is frequently important in the optimization of

communication system design. Standard sound-

ing techniques are compared with a pulse com-

pression method from the standpoint of path
resolution and in the requisite signal-to-noise

ratio ....

DIGITAL PULSE COMPRESSION USING

POLYPHASE CODES (Correspondence)

E.S. Lurin, Proc. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1262/1263•

Digital pulse compression is implemented by

dividing the radar output waveform into finite

intervals and coding the RF phase of these inter-

vals in discrete steps. Upon reception, the sig-

nal is recombined by a process similar to

correlation . . . provides large pulse com-

pression ratios and high flexibility. If digital

shift registers and logic circuits are used to

initiate and decode the various codes, the ad-

vantages of perfect digital memories and crys-

tal clock control make high pulse compression

ratios feasible .... A digital system is out-

lined . . .

TAPPED DELAY LINE REALIZATIONS OF

FREQUENCY PERIODIC FILTERS AND
TftEIR APPLICATION TO LINEAR FM

PULSE COMPRESSION

R. Manasse, Mitre Corp., Bedford, Mass•,

Final Rept., May 1963, 21 p., TM 3506,

ESD TDR63 232, AD 409 138.

It is shown that a linear network having an

amplitude and phase response which is a peri-

odic function of frequency can be s3mthesized

with a tapped delay line with amplitude and

phase weightings on each tap. The theory of

this technique for the realization of frequency

periodic filters is developed . . . employed in

a large time-bandwidth product linear FM pulse

compression network. The availability of high

quality tapped quartz delay lines and the ease

with which amplitude and phase adjustments

can be made on each tap appear to make this

technique attractive for a number of future

apl)lications.

SIGNAL ANALYSIS II

D. Middleton, Johns Hopkins U., Baltimore,

Md., Feb. 1963, 111 p., 19 refs., N63-
13423.



1.316
m.

.INTRODUCTION TO PULSE COMPRESSION

W. Rihaczek, Aerospace Corp•, Los Angeles,

Calif•, 21 April 1963, 112 p., TDR169
3250 43 TN1, SSD TDR63 58 Pl, AD 405 489.

The large variety of pulse compression
schemes and other advances in modern radar,

such as synthetic aperture processing, has

made it difficult to achieve a thorough under-

standing of each principle and its place in

radar. The report analyzes the principle of

pulse compression and discusses their signifi-

cance in the context of radar measurements in

general .... survey . . . primary aim is to

provide orientation.

Related Publications

PULSE COMPRESSION FILTER DESIGN

C. E• Cook, et al, Sperry Gyroscope Co.,

Great Neck, N. Y•, Report No. 1, June

1959, Report No. EB5287-0014-1, 15 p•,
AD 217 887.

ON THE DETECTION OF SIGNALS IN NON-

STATIONARY NOISE BY PRODUCT ARRAYS

J.B. Thomas, et al., J. Aeoust. Soe. Am., vol. 31,

April 1959, p. 453/462.

THE DEVELOPMENT OF EQUIPMENT FOR

BANDWIDTH COMPRESSION OF RADAR

SIGNALS BY MEANS OF STORAGE CAPAC-

ITORS AND TItE APPLICATIONS FOR SUCH

EQUIPMENT

K. Jekelius, Nachrichtentech Zeitsch., vol. 13,

no. 5, May 1960, p. 225/233.

THE THEORY AND DESIGN OF CHIRP RADARS

J.R. Klauder, etal., BellSyst. Tech. J., vol. 39,

no. 4, July 1960, p. 745/808.

THE THEORETICAL DESIGN OF WAVEFORMS

FOR PULSED RADAR

C•S. Sorkin, General Atronics Corp., Bala-

Cynwyd, Pa•, 18 July 1960, 22 p. incl. illus.,

(Technical note no. 4; Rept. no. 770-207-11),

(RADC TN 60-178), AD 242 254.

• ° . FM pulses with uniform envelopes• Such

structures allow for a large TW product and

maximum efficiency of the transmitter. The

principle of stationary phase may be applied

directly to this class of pulses for quick evalu-

ation of the Ambiguity Function and Fourier trans-
forms .... Most of this work involves the two

dimensional range-doppler ambiguity. It is

shown that rapid FM is required for accurate

measurements and reduced ambiguity.

A STUDY OF NANOSECOND PULSE TECH-

NIQUES IN RADAR TRANSMISSION

C.G. Bachman, Cornell Aeronautical Lab., Inc.,

Buffalo, N.Y., 27 Feb. 1961, 299p., (Report

no. UB-1426-P-I), (RADC TR 61-247),

AD 268 880.

• • . The relative merits of direct short

pulse compression techniques to obtain high

range resolution are explored ....

THE CASCADE PItASE SttIFT MODUL&TOR

EMPLOYING NEGATIVE FEEDBACK

A. Boutross, et al., Electronics Research Labs.,

Columbia U., New York, 1 July 1961, 150 p•,

(Teeh• rept. T-4/164; CU-5-61-AF-2233-

ERL), RADC TN 61-187, AD 266 511.

A novel low noise FM ramp generator to be

used as a component of an FM system is de-

scribed• The FM ramp is generated by means

of a cascade phase shift modulator in a negative

feedback loop which is followed by a frequency

multiplier to provide the required output fre-

quency deviation of 400 kc in 2 ms . • . Meas-

urements demonstrated that the generator meets

the linearity requirements of the over-all FM

System.

THEORY AND APPLICATIONS OF CORRE-

LATION TECHNIQUES

P.H. Haas, Air Force Inst. of Tech., Wright-
Patterson Air Force Base, Ohio, Master's

thesis, Aug. 1961, 68p., 13 refs., (Rept.

no. GE/EE/61-6), AD 270 272.

A survey . • . as applicable to the statistical

analysis of communication is presented• Cor-

responding frequency domain relations in

terms of the power-density spectrum are also

developed.

POST-WAR DEVELOPMENTS IN CONTINUOUS-

WAVE AND FREQUENCY-MODULATED

RADAR

W.K. Saunders, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-8, no. I, March 1961,

p. 7/19, 52 refs.

• . . survey of trends . . . with emphasis

on systems designed to operate to short range.

. . . systems which use a single local oscillator

power .... various methods of analysis _hich

may be used to study these systems ....

Some information of a practical nature on

microphonism, nonlinearities, feed-thru, and

saturation . . . A bibliography...

TIIEORY OF COHERENT SYSTEMS

W.M. Brown, et al., IRE Trans. Mil. Elec-

tronics, vol. MIL-6, no. 2, April 1962,

p. 187/196.

A circuit theory model is derived for co-

herent radar, communication, sonar and

antenna systems• The model involves linear

time invariant operators and hence can be

thought of as cascaded filters. The model pro-

vides insight for such systems not previously

available, and it provides a unified approach to

the analysis of all the above systems ....
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EFFECTSOFPHASE-MODULATIONERRORS
ONPULSECOMPRESSIONSIGNALS

C.E.Cook,IREIntern.Cony.Rec.Pt.4,
vol.10,March1962,p. 174/184.

REALIZATIONOFMICROWAVEPULSECOM-
PRESSIONFILTERSBYMEANSOF
FOLDED-TAPEMEANDERLINES

V.E.Dunn,StanfordElectronicsLabs.,Stanford
U., Calif.,Oct.1962,130p., (Technical
rept.no.557-3;Rept.no•SEL-E62-113),
(RADCTDR62-551),AD299951.

TECHNIQUES FOR INCOHERENT SCATTER
COMMUNICATION

D.P. Harris, IRE Trans. Commun• Syst.,

vol. CS-10, no• 2, June 1962, p• 154/160•

• . . Effective use of available signal power

is found to be possible on badly behaved channels,

provided there is sufficient bandwidth available

for the optimization of performance .... a

class of digital communication systems that em-

ploy sinusoidal pulse-transmissions with frequency-

shift or time-position-shift modulation, or a

combination of these techniques ....

FREQUENCY MODULATION TECHNIQUES AS

APPLIED TO PULSE DOPPLER RADAR

G.R. Hetrich, IRE Intern• Conv. Rec• l>t. 5,

vol• 5, March 1962, p. 76/86.

• . . Two methods of frequency modulating

the transmitted carrier for ranging purposes

are considered for a typical Pulse Doppler radar.
• . . linear FM and sinusoidal FM ....

SIGNAL FIDELITY IN RADAR PROCESSING

W.A• Penn, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 2, April 1962, p. 204/218.

Usually in a radar signal-processing scheme,

the primary consideration is the geometrical

resolution of the system, or, if a particular

measurement is desired, the accuracy of the

system .... Usually, beyond these simple

criteria, the matter of signal amplitude fidelity

is not particularly stressed• In many processes,

however, signal fidelity can be an important con-

sideration in evaluating the over-all effect on the

observer. In this paper the loss of information

caused by signal interference in correlation or

matched filter techniques is evaluated in an ap-

proximate manner. This is related to the in-

variance of the total integral of the Woodward

ambiguity function• Degradation of the desired

signal due to the statistical fluctuation of the

signal itself is also considered• The distinction

between pre-detection integration is made.

• . . Finally... comments are made on the

philosophy of providing adequate gray-level ren-

dition in radar displays. Attention is given to

reconciling the dynamic ranges of the display and

the signals, and to the number of resolvable gray

levels available in the signal ....
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THE RESPONSE OF AN AUTOMATIC PHASE

CONTROL SYSTEM TO FM SIGNALS AND

NOISE

D.L. Schilling, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N.Y., June

1962, 136 p., incl. illus, tables, refs.,

(Research rept. no. PIBMRI-1040-62),

AD 295 555.

DATA PROCESSING TECHNIQUES

M. Shapiro, et al., Electronics Research Labs.,

Columbia U., New York, Final rept., 1 Oct.

1961, 31 June 1962, 30 June 1962, 192 p.,

incl. illus, tables, (Rept. no. F/180; CU-8-

62), AD 295 618.

A two-stage receiver structure which may be

used to process the received waveform from a

general class of high time-bandwidth product

radar transmissions is described ....

SIDELOBE SUPPRESSION IN A RANGE-

CHANNEL PULSE-COMPRESSION RADAR

C.L. Temes, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 2, April 1962, p. 162/169.

DIGITAL FILTERS AND APPLICATIONS TO

SEISMIC DETECTION AND DISCRIMINATION

J.F. Claerbout, Mass. Inst. of Tech., Cam-

bridge, Feb. 1963, 89 p., AFCRL 63 604,
AD 404 851.

The mathematics of filtering in discrete time

are presented. Filters are defined for the

purposes of (1) condensing waveforms into im-

pulsive functions, (2) wave shaping, (3) noise

suppression, (4) signal detection according to

the criterion of maximum signal-to-noise

output at an instant, and (5) the same over an

interval. The behavior of the complex Fourier
transforms of some of these filters is considered

and connection is made with the theory of or-

thogonal polynomials.

A NEW METHOD OF FREQUENCY

SYNTHESIS

C. Lindholm, et al., RAND Corp., Santa

Monica, Calif., July 1963, 39 p., 2 refs.,

(RM-3756-PR), N63-20901.

• . . may be applied.., towideband

(spread spectrum) techniques ....

THE RESPONSE OF AN AUTOMATIC PIIASE

CONTROL SYSTEM TO AN FM SIGNAL IN

THE PRESENCE OF GAUSSIAN NOISE

D.L. Schilling, IEEE Intern. Cony. Rec., Pt. 8,

vol. 11, March 1963, p. 242/246.

• . . An Automatic Phase Control (APC)

System is analyzed to determine its response to

an FM signal and additive narrowband gaussian

noise. Emphasis is placed on the system's

response to a "ramp" type FM sigmal when the

input S/N ratio is less than unity .... portion

of a Doctoral Dissertation . . .
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.PULSE-COMPRESSION SUBSYSTEM FOR A

DOWN-RANGE TRACKER

C.L. Temes, ctal., IEEE Intern. Conv. Rec.,

Pt. 8, vol. 11, March 1963, p. 71/81.

PERFORMANCE PREDICTION METHOD FOR

A CLASS OF FM-CW RADARS

N•D. Wallace, IEEE Trans. Aerospace, Proc.

Internatl. Conf. Aerospace Support , vol•

AS-I, no• 2, Aug. 1963, p. 38/45.

. • . the author has used the theory of zero

crossings of random processes to analyze the

errors due to receiver noise of a triangularly

modulated FM-CW Radar. Curves are given that

can be used to determine the percentage error in

the range measurement as a function of signal-to-

noise ratio, provided the shape of the noise

spectrum is known .... The theory can be used

in the preliminary design stages to optimize the

receiver design.

A SPECTRUM COMPRESSION RADAR

TECHNIQUE

W. E• Wood, et al., Army Missile Command,

Huntsville, Ala., 8 Aug• 1963, 60 p• refs•,

(RE-TR-63-23; AD 425 675), N64-12220•

A LINEAR-FM RADAR PULSE COMPRESSION

SYSTEM EMPLOYING TI_CKNESS-TAPERED

DISPERSIVE DELAY LINES

R.G. Yost, Lincoln Lab., Mass. Inst. of Teeh.,

Lexington, 11 July 1963, 20 p., Technical

rept. no• 321, AD 419 468.

• . • At the option of the operator, the shape

of the signal envelope can be made rectangular,

Butterworth, or Gaussian .... An uncom-

pensated Doppler frequency shift of one kilo-

cycle per second will produce an error of 7 feet

in the estimate of the range to an echoing

object.

1. 317: Multiple Signals as Waveforms

Included: Multi-digital operation; Multiple orthogonal signal transmission systems; Multi-epoch

signals; Overlapping signals; Smearing techniques with overlapping signals; Super-position of signals

in the same channel; Rotational transformation of signals; Multiple signals.

Not Included: Multiplex systems (2); Random access discrete address systems (RADAS) (2);

Orthomux system (2).

Cross References: Higher order data systems in general (1. 313); Digital sequences as waveforms

(1. 314); Signal theory in general (Sect. 1.14).

Principal Publications:

ON THE STATISTICAL DETECTION PROBLEM

FOR MULTIPLE SIGNALS

J. B. Thomas, et al., Rome Air Development

Center, Griffiss Air Force Base, N.Y., Nov.

1961, 16 p., Rept. no• RADC TN 61-182,
AD 268 753.

The problem of detecting signals in noise is

considered for the multiple input model, where

each of the inputs can contain one of many possi-
ble signals. The detection procedure for this

model becomes, in general, the testing of multiple

hypotheses. Two detection criteria are examined

for choosing among multiple hypotheses and it is

found that, for both criteria, the decision is

based on the likelihood functions for the various

signals. Systems for computing likelihood ratios

are examined in detail for the multiple input
case. A multidimensional matched filter is con-

sidered and its relationship to the likelihood

ratios is shown. Optimum signals are determined

for the two-hypothesis problem•

PARTIAL ORDERING OF DISCRETE CHANNELS

T. T. Chang, et al., IRE Intern, Conv. Rec., Pt.

4, vol. 10, March 1962, p. 190/199.

probabilities of K 2 by interposing K 1 between

pairs of suitably chosen pre- and post-channels•

In general, it is not known what the necessary
and sufficient conditions for inclusion are ....

ON THE STATISTICAL DETECTION PROBLEM

FOR MULTIPLE SIGNALS

J. B° Thomas, et al., IRE Trans. Inform. Th.,

vol• IT-8, no. 4, July 1962, p. 274/280.

ON TIIE BINARY DATA TRANSMISSION ERROR

RATES DUE TO COMBINATIONS OF

GAUSSIAN AND IMPULSE NOISE

L• R. Halsted, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 3, Dec. 1963, p• 428/435.

. • . The simultaneous transmission of

orthogonal signals is discussed• This makes it

possible to use signals having a long duration

without reducing the data rate or causing inter-

signal interference; this can be done without

requiring additional bandwidth ....

AN ORTHOGONAL MULTIPLEXED COMMUNI-

CATION SYSTEM USING MODIFIED

HERMITE POLYNOMIALS

S. Karp, et al., Proc. Intern. Telem. Conf.,

vol• 1, Sept. 1963, p. 341/353.

• . . A discrete, finite, memoryless channel

K 1 is said to include another such channel K 2 if
it is possible to duplicate all of the transition

• . . A pulsed multiplex system is outlined
which transmits orthogonal signals and features

excellent time bandwidth compression properties.
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Fornominaltime-limitingandband-limiting,
thesignalspreserveorthogonalitybetterthan
comparablesystemsutilizingorthogonalsineor
Legendrepolynomialwaveforms.Thissystem
generatesasits basicsignalsmodifiedHermite
polynomialswhichformanorthonormalbasis•

IMPROVEMENTOFENERGYDETECTIONAS
A RESULTOFCHANNELSUBDIVISION
(Correspondence)

J. A. Knudson,Proc.IEEE,vol.51,no.6,
June1963,p. 955.
It hasbeenshownthananenergydetectorcan

becalibratedtoreadlikelihoodratio;thus,for
thatclassofsignalsidentifiedbytheirenergw
contentalone,theenerg_detectorbecomesan
optimumreceiver.... theoriginalbandwidth
Bis dividedintoL equal-widthsubchannels
maltingtheindividualchannelbandwidthB/L
cps. . .
ROTATIONALTRANSFORMATIONOFSIGNALS
G.R. Lang,IEEETrans.Inform.Th.,vol.

IT-9,no.3, July1963,p. 191/198.

A codingprocedurebasedonarotational
transformationis appliedtoreducetheeffectof
non-Gaussianimpulsenoiseinsampleddata
communicationsystems.Themethod,anear
relativeofthesmearingteclmiqueswhichhave
beensuggestedrecentlyfor continuoussystems,
providesanewandinterestingviewofmany
acceptedcodingsystemsandtheirrelative
properties.Attentionis directedtowardthe
effectofthetransformationontheamplitude
distributionofsignalsandtotheexistenceof
signalswhichdonotbenefitfromasmearing
techniqueis respecttotheirresistanceto
isolatedimpulseinterference.Thebehaviorof
certainnonorthogonaltransformationsisalso
discussedincontrasttothepurelyrotational
transformations.
A BOOLEAN-FUNCTION-MULTIPLEXED

TELEMETRYSYSTEM
R. C.Titsworth,IEEETrans.SpaceElectronics

Telemetry,vol.SET-9,no.2, June1963,
p. 42/45.

Byinsertingencodeddatafromseveralsources
intoaBooleanfunctionatthetransmitter,and
usingcorrelationtechniquesatthereceiver,it is
shovalthataveryefficienttelemetryofmultiple-
addresssystemcanbedevised.Theoptimum
logicis derivedandproperchaunelcodesare
indicated....
ANEFFICIENTDEMODULATORFORAN

ANALOGPSEUDONOISEMULTIPLEX
SYSTEM

II. L. VanTrecs,LincolnLab.,Mass.Inst.of
Tcch.,Lexington,2July1963,25p., Rept.
no.65G3,AD410795.

Theadvantagesofwidebandpseudonoise
communicationssystemarewellknown.Adis-
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advantage which has restricted its use is the

bandwidth requirement. In order to compensate

for the large bandwidth, one may put several wide
band carriers in the same bandwidth . . • each

carrier acts as an uncorrelated noise to every

other carrier . . . Unfortunately, we have been

unable to perform a rigourous analysis of the

system behavior. It is felt that the concept in-

volved is new and interesting and should be pre-

sented in its current state of development.

REPRESENTATION AND DETECTION OF

MULT IPLE-EPOCH SIGNALS

T. Y. Young, Johns Itopkins U., Carlyle Barton

Lab., Baltimore, Md., May 1963, 60 p., 14

refs., RADC-TDR-63-142, AD 405 028,
N63-16789•

. . . procedure for the detection of the individual

epochs of overlapping signals and to represent
them properly .... may be corrupted with random

Gaussian noise of zero mean ....

Related Publications:

BINARY TO TERNARY CONVERSION BY

LINEAR FILTERING

J. K. Wolf, et al°, Rome Air Development

Center, Griffiss Air Force Base, N.Y.,

May 1962, 8 p. incl. illus., 3 refs., RADC

TDR 62-230, AD 278 264.

A simple linear filter consisting of a delay
element and an adder is described for converting

a random stream of binary pulses into a stream

of ternary pulses . . . Another simple linear

filter is described for reconverting the stream of

ternary pulses into the stream of binary pulses.

Results of an experimental implementation of

such a system are presented. Also, a general-

ization of this scheme for binary to N-ary to

binary conversion is discussed.

ON THE SELECTION OF AN ORTHOGONAL

SIGNAL ENSEMBLE FOR TttE TRANS-

MISSION OF BINARY DATA

L. R. Halsted, Rec. Nat. Commun. Symp.,

vol. 9, Oct. 1963, p. 66/74.

. . . considers binary data transmission sys-

tems in which signal interference may be caused

by a combination of signal blanldng and fading,

additive impulse noise, and additive nonwhite

gaussian noise. For each disturbance the paper

shows how the error rate can be improved by

the suitable choice of a signal ensemble, and it

discusses the choice of a good signal ensemble

for a given combination of these disturbances.

The systems are assumed to use ideal linear

correlators for signal detection and to have mini-

mum bandwidth for transmitting the data in binary

form. The paper also illustrates the role of

n-by-n orthogonal matrices in the choice of a

sig_ml ensemble to transmit a block of n informa-

tion bits ....
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"THE SYNTHESIS OF NONLINEAR FEEDBACK

SHIFT REGISTERS

K• B. Magleby, Stanford Electronics Labs.,

Stanford U., Calif., Oct• 1963, 89 p•, Rept.

no. 63 118, TR 6207 1, AD 428 081.

Two domains that describe the behavior of a

feedback shift register were developed. These

are the sequence and polynomial domains, which

are analogous to the frequency and time domains

in the description of continuous systems• The

domains are related by an expansion of orthogonal

functions .... In the procedure, the output

sequences are mapped to the roots of irreducible

polynomials, thereby providing an algebraic des-

cription of the register's behavior. To synthesize

the shift register in the sequency domain, several

properties of the output sequences are needed.

. . . The cycles and output sequences of a simple,

circulating shift register are used to synthesize

an arbitrary feedback shift register.

M-OUT-OF-N DECISION LOGIC

M. Raship, Proc. Nat. Electronics Conf., vol•

19, Oct. 1963, p. 131/141•

A formal algebra is developed for the analysis
and synthesis of switching networks made up of

m-out-of-n decision elements. An m-out-of-n

decision element is described by a threshold

function in which the weights are fixed at unity,

and the threshold is a positive integer . • .

Section i. 32

Digital Amplitude Modulation Systems

This is the first of three sections to deal with specific data transmission systems. Amplitude modulation

systems in the form of on-off keying are the oldest data systems and are classified as double sideband systems.

Understandably, there have been no new publications for on-off systems in recent years. Vestigial sideband

data systems on the other side have gained in importance as they permit a higher data rate than FSK systems

when operating over the same bandwidth. Multi-level AM systems are easy to instrument and offer still

higher rates but require channels with very low noise. However in space communications applications the

tendency is towards phase modulation systems, which will be discussed in section 1.34.

Notice also that single sideband systems are not represented in this list of AM data systems. The reason is

the strong distortion of digital waveforms when transmitted over ordinary SSB systems. Only very complex

phase-lock arrangements on both terminals, together with a highly accurate synchronization system, could

prevent these distortions. When data systems operate over SSB carrier channels in multiplex systems, they

are actually double modulation systems, carrying the data on an audio sub-carrier. One efficient combination

is VSB-SSB, for example.

1. 322 : Double Sideband Amplitude Modulation in Data Transmission Systems

Included: On-off keying; Double sideband suppressed carrier data systems.

Not Included: Amplitude modulators; Operational modems; Envelope detectors; Theory of power law

detection (2).

Cross References: Amplitude modulation in general (1.22); Double sideband modulation for analog

signals (1. 222); Teletype systems (1• 382); CO modulation in teletype transmission (1• 382).

Principal References:

AN EVALUATION OF AM DATA SYSTEM PER-

FORMANCE BY COMPUTER SIMULATION

R. A. Gibby, Bell Syst. Tech. J., vol. 39, no. 3,

May 1960, p. 675/704.

• . . suitable for programming on a high-speed

digital computer. These equations contain ex-

pressions that specify in general terms the trans-

mission-frequency characteristics of a trans-

mission medium. A data signal composed of a

train of raised-cosine shaped pulses is generated

in the stimulating process .... performance of

a double-sideband AM data system is evaluated
from measurements of the maximum vertical

opening, or aperture, of the eyepattern formed

by the received signal. This aperture is related

to the system performance in terms of signal-

to-noise ratio and error rate of the system.

1.324: Vestigial Sideband Data Systems

Included: Asymmetrical sideband systems for data transmission.

Not Included: Operational modems.

Cross References: Vestigial sideband modulation method (1. 224).
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Principal Publications:

A 2500-BAUD TIME-SEQUENTIAL TRANSMISSION

SYSTEM FOR VOICE-FREQUENCY WIRE

LINE TRANSMISSION

G. Holland, et al., IRE Trans. Commun. Syst.,
vol. CS-7, no. 3, Sept. 1959, p. 180/184.

The Sebit-25 is a full duplex terminal equip-

ment designed to transmit digital data at rates

up to 2500 baud .... binary information . . . is

converted to minimum bandwidth and used to

amp[Rude modulate a 2500 cycle carrier. The

resulting signal is converted to vestigial sideband

prior to transmissian, to further compress the
bandwidth ....

AN AM VESTIGIAL SIDEBAND DATA TRANS-

MISSION SET USING SYNCHRONOUS DETEC-

TION FOR SERIAL TRANSMISSION UP TO

3,000 BITS PER SECOND

F. K. Becker, et al., Commun. Electronics,

vol. 81, no. 60, May 1962, p. 97/101.

. . . Carrier recovery and synchronous detec-

tion are performed in the receiver. The system

is asynchronous and will operate at any bit speed

up to its maximum. Satisfactory operation has

been achieved at 2,000 bits per second over the

switched telephone network, and at 3,000 bits per

second over equalized voice band circuits ....

appears to be economically advantageous when
compared with other systems of the same speed

capability ....

A 1,650-BIT-PER-SECOND DATA SYSTEM FOR
USE OVER TIlE SWITCIIED TELEPIIONE

NETWORK

S. Brand, et al., Commun. Electronics, vol. 60,

no. 58, Jan. 1962, p. 652/661.

. . . engineering of a data system for use on

the switched message network . . . the conditions

imposed by this specific application are shown

to izffluence the selection of signal characteris-

tics, and the choice of raised-cosine pulse

shaping is given support by a brief treatment of

some pulse transmission fundamentals ....

results of a field trial are summarized . . .

factors such as delay distortion, attenuation
distortion, and transmission loss limited the

performance obtained .... The principal
transmission features of the terminals are: 1.

Two levels only--no framing. 2. Vestigial

sideband (VSB), or amplitude modulation.

Carrier-2,200 cps; modulation-50%. 3. Line

signal approximately 700 cps to 2,600 cps. 4.

Automatic gain control (AGC) range--35 db

(decibels) ....

1.325: Multi-Level AM Data Systems

Included: M-ary AM data systems; Iligher order AM systems.

Not Included: Multi-level multiplex systems (2).

Cross References: Multi-level PCM systems (1. 518); ttigher order data systems in general (1. 313);

Quantization problems of multi-level coders (1. 511); Pulse amplitude modulation methods (PAM)

(1.420).

Principal Publications:

DISTRIBUTION OF SIGNALLING ENERGY IN

PULSE LEVEL MODULATION SYSTEMS

W. E. Cory, Prec. Nat. Commun. Symp., vol. 6,

Oct. 1960, p. 304/311.

. . . relationship between the number of per-

missible pulse energy levels, the pulse signalling

and detection energy level distributions, and the

information capacity.

TRANSMISSION OF MULTI-LEVEL DIGITAL

SIGNALS TtlROUGII NOISE-FREE

DISTORTING CIlANNE LS

L. W° ltill, Prec. Instn. Elect. Engrs.,

London (Part B), vol. 109, no. 44, March

19(;2, p. 165/173.

interest as a large class of passive linear net-
works has this characteristic at least

asymptotically ....

A RAKE SYSTEM FOR LUNAR RELAY

C OM M UNI CA TI ONS

S. Kasowski, IEEE Intern. Conv. Rec. Pt. 8,

vol. 11, March 1963, p. 197/214, 15 refs.

. . . The transmission technique investigated

is a multilevel, matched filter type using wide-

band, binary, pseudorandom sequences. It is

studied specifically for transmission of

digitalized information on a moon bounce link,

i. e. , for communication between two distant

ground stations using the moon as a reflective

scatterer relay.

. . . The transmission of digital information

by variation of the cnergy level of pulses of fixed

shape is limited by channel distortion even in the
absence of noise .... The case of a channel

with an exponentially decaying impulse charae-

teristic, for which the maximum rate is indcpen-

dent of the number of levels, is of special

Related Publications:

ERROR-CORRECTING CODES FOR MULTIPLE-

LEVEL TRANSMISSION

J. MacWilliams, Bell Syst. Tech. J., vol. 40,

no. 1, Jan. 1961, p. 281/308.
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Aq-levelalphabetisdefinedasarowvector
spaceoverafinitefieldwithqelements.The
lettersof the alphabet are the rows of the vector

space, each consisting of n symbols from the

ground field. The weight of a letter is the number

of nonzero symbols it contains. The minimum

weight of the letters of the alphabet, excluding

zero, is denoted by d.

Section 1.33

Digital Frequency Modulation Systems

For many decades frequency shift keying (FSK) was the generally preferred method for teletype transmission.

There are many varieties of systems based on this method, depending on the use of one or two oscillators at

the sending end and on the particular type of receiving system applied. The analysis of these various classes

of FSK systems may be quite different from class to class. It may be based on on-off keying with frequency

diversity in one special case and on analog FM analysis in another extreme case. Most of the publications on

FSK are dated prior to 1958 and are not included here.

Multiple shift keying systems are the counterpart of multi-level AM systems and, again depending on their

design details, may also be considered as PCM-FM systems. They are a particular class of higher order

data systems.

Frequency-time shift keying (FTSK) systems are a still more sophisticated class of systems, which are

closely related to the so-called RADAS systems (random access discrete address systems), which shall be

discussed in volume two of this series. They are also related to the systems with spread spectrum wave-

forms, which are the subject of subdivision 1. 316.

Space communications systems apply many variations of frequency modulated data transmission systems,

primarily in the form of FM-FM telemetry systems. The requirement for multiplexing many subehannels

and for transmitting them together over the same radio frequency carrier leads to double and triple modulation

systems. They will be referenced in division 1.9.

1. 332: Binary Frequency Shift Keying (FSK) Systems

Included: Datacom unit; FM transmission subset; Dicon receiver; Noncoherentbinary FSK; FSK

over fading channels.

Not Included: Decision theory for FSK detection (2); Anti-multipath communications systems (2);

Frequency diversity systems (2); Special FSK detection circuits; Theory of envelope detection (2);

Discriminator circuits; Frequency tracking; Phase-lock demodulators.

Cross References: Fundamentals of frequency modulation (1.232); Teletype transmission systems

(1. 382); PCM-FM systems (1. 934); Statistical characteristics of fading channels (1. 612).

Pr incip__ Publications:

FREQU EN C Y SHIFT TE LEGRAPHY--RADIO

AND WIRE APPLICATIONS

J.R. Davey, et al., AIEE Trans., vol. 66,

1947, p. 479/494.

THEORETICAL COMPARISON OF BINARY

DATA TRANSMISSION SYSTEMS

H.D. Beeker, et al., Cornell Aeronautical

Lab., Inc., Buffalo, N.Y., May 1958,

69 p., AD 148 803.

Ground-Air data communication links are

analyzed and compared on the basis of the

error probability attained as a function of the

received signal-to-noise ratio. For the case

of frequency-shift keyed (FSK) modulation it is
shown that the lowest error rate can be ob-

tained by using a detector which incorporates

two matched filters and a synchronized sampling
and decision circuit.
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OPTIMAL FREQUENCY DEVIATION IN ONE-

CHANNEL TELEMETERING SYSTEMS

lu. I. Chugin, Automation Rcmote Contr.,

vol. 19, April 1958, p. 339/348.

THE EFFECT OF LOG-NORMAL FADING ON

FSK; A VERY SIMPLE MODEL

J. Mott-Smith, Air Force Cambridge Research

Center, July 1958, AD 160 792.

THE EFFECTS OF PUI_E SHAPE AND

FREQUENCY SEPARATION ON FSK TRANS-

MISSION THROUGH FADING

G.L. Turin, IRE Nat. Conv. Rec., vol. 6,

March 1958, p. 217/224.

THEORETICAL DIVERSITY IMPROVEMENT IN

FREQUENCY-SHIFT KEYING

J.N. Pierce, Proe. IRE, vol. 46, May 1958,

p. 903/910.

• . . error rate has been found. If signal

amplitude and phase are exactly known prior

to reception of the signal, coherent combina-
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tion and detection are optimum; for dual diver-

sity, correlation of the fading on the separate

antennas does not give a large loss if the cor-

relation coefficient is moderate•

REDUCTION OF ADJACENT-CHANNEL

INTERFERENCE COMPONENTS FROM

FREQUENCY-SHIFT-KEYED CARRIERS

A.D. Watt, et al., IRE Trans. Commun. Syst.,
vol• C8-6, no. 2, Dec. 1958, p. 39/47•

AN FM DIGITAL SUBSET FOR DATA TRANS-

MISSION OVER TELEPHONE LINES

L.A. Weber, AIEE Winter Gem Meeting,

no. 430, 1958.

TIIEORETICAL ERROR PROBABILITIES FOR

FREQUENCY-SHIFTKEYED TE LEGRAPH
SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B.B. Barrow, SHAPE Air Defense Technical

Center, The ltague, Netherlands, Sept. 1959,

65 p., AD 226 924.

AN EXPERIMENTAL AUTOMATIC COM-

MUNICATION SYSTEM FOR AIR TRAFFIC

CONTROL

W.R. Deal, IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 71/76.

• . . Grotmd/Air/Ground . . . mlder de-

velopment for the Bureau of Research and

Development, Federal Aviation Agency, . . .

operable in both VIIF and UIIF . . . permits

choice of FSK-carrier or FSK-AM modulation.

Up to 500 aircraft may be interrogated and

reply on a single channel in a time period of

two minutes or less. Information is binary coded

and transmitted by time-division multiplex tech-

niques at a data rate of 750 bits per second.

PERFORMANCE ANALYSIS OF A DATA LINK
SYSTEM

A.B. Glenn, IRE Trans. Commun. Syst.,

vol. CS-7, May 1959, p. 14/24.

• . . the present air-traffic-control

(ATC) system must be improved by a far

most efficient and partially automatic sys-

tem. As a result of both analytical and ex-

perimental work, two preferred modulation

types have been chosen for further investigation

(FSK-AM) and FSK. RCA is developing both

systems.

EXTENSION OF NULL-RECEPTION ANALYSIS

TO BINARY COMMUNICATION SYSTEMS

EMPLOYING ENVE LOPE DE TECTION,

INCLUDING FSK

J.J. Metzner, et al., New York U., Coll. of

Engrg., July 1959, 120 p., Scientific Report

No. 8, AFCRC TN-59-562, AD 226 363.

IDEAI, BINARY PULSE TI/ANSMISSION BY

AM AND FM

E.D. Sunde, Bell Syst. Teeh. J., vol. 38,

no, 6, Nov. 1959, p. 1357/1426.

• . . It is shown that intersymbol interference.

can be avoided in binary pulse transmission by
FM without the need for a wider channel band than

is double-sideband AM, for equal pulse trans-

mission rates . . . partial pulse shaping by pre-

modulation and postdetection low-pass filters is
also considered.

ON THE DETECTION OF STOCHASTIC SIGNALS

IN ADDITIVE NORMAL NOISE

D. Middleton, Lincoln Lab., MIT, Lexington,

28 Dec. 1960, AD 250 287

Optimum detection of FSK and on-off normal

stochastic signals in additive normal noise back-

grounds is examined. (AD 112 385) . . . A

specific example of weak-signal operation involv-

ing 2 narrow-band FSK noise signals is con-

sidered .... the degradation of performance

because of spectral overlap between signal chan-

nels is computed. Also included in the present

study is a general treatment of colored-noise

backgrounds, as well as specialization to the

white-noise cases, and a short discussion of on-

off vs. FSK operation in the threshold situation.

DESIGN FEATURES OF A NEW FREQUENCY
SHIFT CARRIER TELEGILA PH SYSTEM

M.L. Stephens, Commun. Electronics, no. 46.

Jan. 1960, p. 927/934.

FEASIBILITY STUDY OF "FILE USE OF PIIASE

SltlFT KEYING OVER AN IONOSPItERIC

SCATTER TRANSMISSION C'IRCUYI"

R.W. Swanson, General Electric Co., Syracuse,

N.Y., Finalrept., March 1960, iv. incl.

illus., (AFCRL TR60-131), AD 245 165.

• . . diversity reception . . . 49.6 me with

dual equal-gain frequency diversity . . . could
transmit data at a rate of 11.1 or 55.5 nine-bit-

messages per second. (Nominal 109 or 500 bits

per second) .... Field testing . . . carried
out over the National Bureau of Standards

Ionospheric Scatter Link between Itavana, Illinois

and Boulder, Colorado .... results obtained

demonstrated the feasibility of using phase shift

keying as a modulation technique for the trans-

mission of binary information over an ionosphere

scatter path under normal scattering conditions.

FREQUENCY-SftIFT MODULATION OF BINARY-
CODEDSIGNALS FOR TRANSMISSION OVER

TE LEPIIONE CIRCUITS

M. Jeppsson, ITT Elect. Commun. , vol. 37,

no. 2, 1961, p. 103/116.
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A COMPARISON OF FREQUENCY-SIIIFT
ANTI-MULTIPATIt SIGNALING TECItNIQUES

FOR DIGITAL COMMUNICATION SYSTEMS

W.B. Jones, Jr., IRE Trans. Commun. Syst.,

vol. CS-9, March 1961, p. 83/87.
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•EXPERIMENTALDETECTORSTUDY
A. Tepfer,RCADefenseElectronicProducts,

NewYork.Finalrept.onTask3. 28April
1961,17p. (Rept.no.CR-61-419-13),
AD259558.

Alaboratorystudyoferror-rateperform-
anceofaPCM-FMsystemandaninvestigation
ofsomeexperimentaldetectortechniqueswere
conducted.Thevariationoftheerrorrateasa
functionofthesignalstrengthwasdetermined
asthefrequencydeviationwasvariedandasthe
carrierfrequencywasdisplacedfromitsnormal
positionin themiddleoftheIF amplifier.The
effectsofcarrierreinsertioninthereceiver
andofatime-varyingIF filtersynchronous
withthereceivedsignalwereinvestigated.

FMRECEPTIONUNDERCONDITIONSOF
STRONGINTERFERENCE

J. vanSlooten,PhilipsTech.Rev.,vol. 22,
no.11,July1961,p 352/360.

AIRWEAPONSCONTROLSYSTEM412L.
INTRODUCTIONTOFSKDATATRANS-
MISSION

GeneralElectricCo.,Syracuse,NoY•,
30Sept.1961,58p., 7refs•(Rept•
no•AWCS-CS-3),AD272108.

TheFrequencyShiftKeying(FSK)data
transmissionsystemusedin theAWCS
412Lsite-to-sitedatalinkisdescribed.The
effectofenvelopedelayontheFSKsignalis
analyticallyexaminedandcomparisonsare
madewithactuallaboratoryresults•A theo-
reticalpredictionoferrorrateversussignal-
to-noiseratiois comparedtoexperimental
resultsobtainedbylaboratorysimulationusing
theactualdatatransmissionequipment.

A LABORATORYCOMPARISONOFMAXIMAL-
RATIOCOMBINERSANDOPTIMAL
SELECTORSFORFADINGHFSK
(Correspondence)

IRETrans.Commun.Syst.,vol. C8-9,no.3,
Sept.1961,p. 320/321.

• • • Experimentsconcerningdiversityre-
ceptionaccordingtothetheoryoriginatedby
Kahn.Theprocedureconsistsofsending
HFSKtelegraphsignalsandreceivingthese
signalswithadualdiversityreceivingsystem•

ERRORPROBABILITIESFORTELEGRAPH
SIGNALSTRANSMITTEDONA FADING
FMCARRIER

B.B.Barrow,Proe•IRE,vol.48,Sept.
1961,p• 1613/1629•

. . • for multiplexedbinarytelegraph
signalsthatareusedtofrequency-modulate
anRFcarrierthatis subsequentlycorrupted
byfadingandnoise. Frequency-shiftkeying,
amplitudekeying,andphase-shiftkeyingare

123

considered•It is shownthatmosttelegraph
errorsoccurwhenthecarrierfadesbelowthres-
hold... Theanalysispertainsmostdirectlyto
troposcattersystems,butthegeneralconclu-
sionsregardingtheeffectofFMthresholdshould
berelevantalsoforfadingtransmissionpaths
suchasthosemetin line-of-sightandtelemetry

OPTIMUMBINARYFMRECEPTIONUSING
DETECTIONANDI-F SHAPING

A•A.Meyerhoff,etal., RCARev.,vol.22,
no.4, Dee.1961,p. 698/728.

DEREINFLUSSVONSPEZIELLENSENDEFUNK-
TIONENUNDUBERTRAGUNSFAKTOREN
AUFDENEINSCHWINGVORGANGVON
FREQUENZMODULIERTENTELEGRAPHIE-
ZEICHEN(TheInfluenceofSpecialSending
FunctionsandTransmissionFactorsonthe
TransientBehaviorofFMTelegraphy
Signals)(In German)

H. Jurgens, Frequenz, yol. 15, no. 12, Dec.

1961, p. 377/386 and Frequenz, vol. 16,

Jan. 1962, p. 1/8.

ERROR PROBABILITIES FOR DATA TRANS-

MISSION OVER FADING RADIO PATHS

B.B. Barrow, SHAPE Air Defense Technical

Center, The Hague, Netherlands, Feb. 1962,

148 p., incl. illus., tables, refs. (SADTC

Technical memo•, no• TM-26), AD 273 846.

• . . Various methods of keying are considered,

with particular emphasis on frequency-shift

keying.

JAMPROOF AUTOMATIC FREQUENCY CON-

TROL. VOLUME II. SIMULATOR EQUIP-
MENT STUDIES

R. Bates, et al., Bendix Systems Div., Bendix

Corp., Ann Arbor, Mich., Jan. 1962, 1v.

(Rept. no. BSR-546, vol. 2), (ASD TR 61-

661, vol. 2), AD 270 530.

• . . Constructed to augment analytical studies

of automatic frequency control systems under

noise, doppler and jamming conditions. Chosen

for simulation was a frequency shift keyed, baud

synchronous, integrate and dump, digital data
link.

INVESTIGATION OF DIGITAL DATA COM-

MUNICATION SYSTEMS (Phase 2 Report)

H.D. Becker, et al., Cornell Aeronautical

Lab., Inc., Buffalo, N.Y. Rept. for Jan.

1961-Jan. 1962. 20 Feb. 1962, 311 p. incl.

illus., refs., (Rept. no. UA-1420-S-2),

(RADC TDR 62-134), AD 276 847.

• . . analysis of the degradation of the per-

formance of noncoherent binary FSK and carrier

keyed systems due to a frequency offset of the

received signal ....
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EXPERIMENTALEVALUATIONOFANOPTI-
MUMDETECTORFORFSKTRANSMISSION
THROUGHA RAYLEIGHFADINGCHANNEL

E.E. Cossette,etal., RomeAir Development
Center,GriffissAir ForceBase,N.Y.
Nov.1962,22p. incl. illus., 6refs.
(Rept.no.RADCTDR62-554),AD291892.

• . . Thisreceiverwasinstrumented,
throughuseof simulationtechniques,to
evaluateexperimentallytheperformanceof
suchasystem•Themeasurementsresulted
inafamilyofcurvesgivingtheprobabilityof
transmissionerrorasafunctionoftheratio
ofsignalenergyperbit tonoisepowerdensity
withthekeyingintervalasaparameter•The
resultsshowedanimprovementoverexisting
FSDreceivers•

WEAKSIGNALCOMMUNICATIONTECHNIQUES
P.M.Dollard,etal., BellTelephoneLabs.,

Inc., Whippany,N.J. Interimrept., 1May
1961-30April1962onPhase1. 30April
1962,121po,AD299219•

DESCRIPTORS:. . . Communicationtheory,
• . . Frequency-shiftkeyers,Frequencymodu-
lation,Phase-lockedcommunicationsystems. . .
STATISTICALPROPERTIESOFTrlEDICON

RECEIVER
J.A. Dumanian,lincolnLab.,Mass.Inst.

ofTech•,Lexington,2March1962,11p.
illus., 3refs. (Rept°no.52G-2)
(AFESDTDR62-85),AD275278.

• . . frequency-slfiftkeyingandenergy
detection.... Thefinalbitdecisionis
performedbysubtractingtheoutputsoftwo
channelreceiverstunedtothetwoinformation
frequenciesanddeterminingthesignofthere-
sult. Resultswereobtainedforavarietyof
parametersrepresentativeoftherangeofex-
perimentalconditionsexpectedinWestFord
communications.

PERFORMANCEOFDIGITALCOMMUNICA-
TIONSSYSTEMSINANARBITRARYFADING
HATEANDJAMMINGENVIRONMENTS

A.B. Glenn,etal., Conf.Proc.Natl.Conv.
Mil. Electronics,vol.6, June1962,
p. 168/173.

• . . Theselasttwosystemswerethenon-
coherentfrequencyshiftkeyed(FSK)andthe
differentiallycoherentphaseshiftkeyed
(DPSK)• , o
DIGITALTROPOSPtfFRICSCATTER
J.R.Poppe,etal., Commun.Electronics,

vol. 80,no.58,Jan.1962,p. 669/674.
• . . Usingsimple,provenbinarydetection

methods--suchasfrequencyshiftkeying--sub-
stantiaIrangeimprovementis shownovermulti-
chammlFM(frequency-modulated)orSSB(single-
side-band)troposphericscatterschemes,atthe
sacrificeofanMogcapability....
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EXPERIMENTALDATATRANSMISSIONSYS-
TEMFORSWITCHEDTELEPHONELINES

H. Marko,etal•, Electr°Commun•,vol.37,
March1962,p. 238/251.

• . . Frequencymodulationhasbeenfavored
becauseofits simplicityofequipmentandad-
justmentandtheminoreffectsofchangesin
signal-to-noiseratio....

SPECTHALDENSITYANDAUTOCORRELATION
FUNCTIONSASSOCIATEDWITHBINARY
FREQUENCY-StlIFTKEYING

W•R. Bennett,etal., BellSyst•Tech.J•,
vol.42,no.5, Sept.1963,p. 2355/2385.

BINARYDATATRANSMISSIONBYFMOVERA
REALCItANNEL

W.R.Bennett,etal., BellSyst.Tech.J.,
vol°42,no.5, Sept.1963,p. 2387/2426.

• . . Illustrativeexamplesevaluatedinclude
Sunde'smethodofsuppressingintersymbolinter-
ferenceinband-limitedFM. . . It is foundthat
aperformancefrom3to4dbpoorerthanthat
theoreticallyattainablefrombinaryPMis
realizableoveravarietyoffilteringsituations.

OPTIMUMJAMMINGORINCOHERENTLY
RECEIVEDFSKSIGNALS

L.I. Bluestein,LIncolnLab.,Mass.Inst.of
Teeh.,Lexington,26June1963,25p.,
AFESDTDR6389,AD413482.

• . . foundforasituationinwhichthetwo
time-limitedsignalsoccupyseparatefrequency
bands,andthereceiveris igmorantoftheRF
phaseofthesignal.Thejammerhasathis
disposalpower-limitedGanssiannoise. . .
Aquantityanalogoustodistance. . . defined;it
is thisquantitywhichthejammerseeksto
minimize.

ANUMERICALDATATRANSMISSIONSYSTEM
(InFrench)
M.Coiron,etal., Onde.Electr.vol•43,

no.431,Feb.1963,p. 141/147.
• . . in thefieldofmodulationspeedspecified

at1200Bauds,givestheadvantageofarelatively
simpleequipmentdesignedtogivereliableand
versatileservicecoupledwiththefacilityfor
easilyconnectingamagneticrecorderateach
terminal.Theequipmentwasmadeforthe
FrenchFiringRange•
"TIREHAPIDATAS"SYNCttRONOUSSYSTEMFOR

TIrEflIGIISPEEDTI1ANSMISSIONOF
INTELLIGENCE(InFrench)

A• Girinsky,ctal., OndeElectr°,vol.43,no.431,
Feb.1963,p. 186/198.

• . • Thismethodoftransmissionis syn-
chronoustypeusingfrequencymodulation.It
is suitableforuseontelephonecircuits• • .
Reliabilityoftransmissionisensuredbyan
automaticdevicefor thedetectionoferrorswhich
transmitstheintelligenceinblockformand
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•obtainstherepetitionofanyamongthemwhich
aredistrubed.Auxiliaryequipmentmakesit
possibletochecktheoperationofthedeviceand
toextractthestatisticalinformationonerrors.

SIGNALINGWITHFREQUENCY-SHIFT-KEYED
COSINEWAVES

E.D.Hanson,etal., ArmyElectronicsRe-
search&DevelopmentLabs.,FortMon-
mouth,N.J., Nov.1963,21p., AELRDL
TR2363,AD436824.

A veryefficientbinarysignalingtechnique
(fromthestandpointofbandwidthutilization)is
described.Thepowerdensityspectrum• . .
comparedwiththatofsinusoidaldiphaseand
rectangulardiphase.... Anexperimental
modeloperatingat16kilobitspersecondwas
constructed.It wastestedoverthespecial
servicechanneloftheFrequencyDivision
MultiplexingEquipmentAN/TCC-7).
SPECTRALDENSITYDISTRIBUTIONSOF

SIGNALSFORBINARYDATATRANSMISSION
H.J.Pushman,J. Brit. Instn.RadioEngrs.,

vol•25,no.2, Feb.1963,p. 155/165.

. • . Thespectraldensitydistributionforf•m.
at600baudswithfrequenciesof1200c/sand
1900c/s . • . arealsodeterminedandresults
presented.

UNIFIEDANALYSISOFCERTAINCOHERENT
ANDNONCOHERENTBINARYCOMMUNICA-
TIONSSYSTEMS

S.Stein,IEEETrans.Inform.Th.,vol. IT-10,
no.1,Jan.1964,p• 43/51.

• . . including all possible conditions of non-

orthogonality of signal, and correlations in the

noise processes. These forms include frequency-

shift keying with noncoherent detection, general-

ized to all noncoherent detection systems utiliz-

ing two basic waveforms, and phase-shift keying

with a noisy reference signal, generalized to all

coherent detection systems utilizing a single
basic waveform ....

GROUND-AIR-GROUND DATA TRANSMISSION

SYSTEMS TESTS

A.J• Uryniak, RADC, Griffiss Air Force Base,

N.Y., July 1963, 21 p•, RADC RAU TM 63 2,
AD 414 629•

• • • to check the feasibility of Air/Ground/

Air Narrow Band FSK Data System utilizing

frequency diversity and doppler correcting
techniques ....

RADIOTE LE GRA PHY

M.V. Verzunov, Joint Publications Research

Service, Washington, D. C•, 3 March 1964,
71 p. Transl. into ENGLISH of a Russian

pamphlet, Moscow, Mil• Publishing House of

the Defense Min. USSR, 1961 p. 1/80, (JPRS-

23500; OTS64-21706), N64-18054.

• . . covers • . . (1) radiotelegraphie methods

and radiotelegraph signal parameters; (2) ampli-
tude keying... (3) frequency keying . . .

(4) telegraph keying in multicha_mel operation;

(5) phase keying . . . (6) methods of improving

radiotelegraphy-communications stability; and

(7) remote-transmitter keying.

DIVERSITY RECEPTION OF NONFADING

FREQUENCY SHIFT KEYING

J.K. Wolf, Rome Air Development Center, Grif-

fiss AFB, N.Y., Jan. 1964, 23 p. refs.,

(RADC-TDR-63-475), AD 431 870, N64-17302.

. . . Both a noncoherent receiver system and
a coherent receiver system are considered...

compared for both manmade and natural inter-
ference . . .

Related Publications:

AN IMPROVED DECISION TECHNIQUE FOR

FREQUENCY-SHIFT COMMUNICATIONS

SYSTE MS

E. Thomas, Proc. IRE, vol. 48, no. 12, Dee.

1960, p. 1998/2003.

FAA DEVELOPMENT IN AIRCRAFT DATA
COMMUNICATIONS

W.R. Deal, IRE Trans. Aerospace Navig. Elec-

tronics, vol. ANE-9, no. 2, June 1962,
p. 79/84•

• • . This two-way time division multiplex sys-

tem was designed primarily for operation at 750

bits per second, and provided both frequency-shift

keyed carrier (FSK) and tone-shifted amplitude-

modulation (FSK-AM) options ....

FSK/PM THRESHOLD IMPROVEMENT STUDY

Philco Corp., Palo Alto, Calif., Technical docu-

mentary rept., 15 Aug. 1962, lv. incl. illus.

6 refs• (Rept. no. WDL-TR1870), AD 284 800.

An experimental study . . . to determine means

of improving the threshold of the Advent FSK/PM

command link ....

AN ANALYSIS OF INHERENT DISTORTION

IN ASYNCHRONOUS FREQUENCY-SHIFT
MODULATORS

L.R. Bowyer, et al., Bell Syst. Tech. J., vol.
41, no. 6, Nov. 1962, p. 1695/1736.

In many commonly used frequency-shift modu-
lators, a phase error occurs at the time of switch-

ing. If a demodulator is used which utilizes only

the zero-crossing information, then this phase

error will cause time jitter in the received data

transitions .... a set of sufficient conditions is

derived for jitter-free frequency-shift modulation,

and an implementation of a modulator satisfying
these conditions is described.

A 250 kw LF FREQUENCY SHIFT TRANSMITTER

H. J. P. Boxall, et al., Proc. Instn. Radio

Engrs. Australia, vol. 23, no. 12, Dec.

1962, p. 722/728.
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Thepaperreviewsthedevelopmentofnaval
communicationsinAustralia,leadingtoades-
criptionofthere-designed250kwLFtrans-
mitteratBelconnen....
HIGHSPEEDDATATRANSMISSION(InFrench)
H•Cohn,OndeElectr.,vol•43,no.431,Feb•

1963,p•199/206.

• . . differentconsiderationswhichdetermine
thechoiceandthemake-upofatelephoneline
datatransmission..,amultiplextelegraphic
device"TOR"whichgivesautomaticcorrelationof
transmissionerrors,and"DIGITRAN",adevice
formediumandhighspeeddatatransmission

• . . testresultsobtainedovera loopedlinkof
totallengthof1800kms. TORmultiplexes4
channelsof200baudseach•DIGITRANcan
operateat600,1200and2400bauds.
ONFSKPARITYCHECI_ING(Correspondence)
N.M.Blachman,IEEETrans.Inform.Th.,

vol. IT-9,no.2,April1963,p. 121/123.

• . • comparestheerrorprobabilitiesfor a
fixed-information-transmission-rateFSDchan-
nel,withandwithoutoneparity-checldngbitper
word,forvariouswordlengths,anywordwhose
paritydoesnotcheckatthereceiverbeingre-
transmitted....

1.333: MultipleFrequencyShiftKeying(MFSK)Systems

Included:Doublefrequencyshiftkeying;multi-frequencydata-phoneservice;Quantizedfrequency
modulationtechniques;M-aryFSKsystems;Orthomatchdatasystem.

Not Included: Diveristy transmission and reception systems (2); Multi-variate decision systems (2).

Cross References: PCM-FM systems (1. 934); Higher order data transmission systems (1. 313);

Multi-level data AM systems (1. 325); Multiphase PhM data systems (1. 344).

Principal Publications:

MULTIPLE FREQUENCY SHIFT TELETYPE

SYSTEMS

D.B. Jordan, et al., Proc. IRE, vol. 43,

Nov. 1955, p. 1647/1655.

MULTIFREQUENCY NARROWBAND REMOTE

CONTROL SYSTEMS (In Russian)

F.A. Katkov, Ukrainian SSR, Kiev., State Pub-

fisher of Technical Literature, 1960, 208 p.

PERFORMANCE OF A MULTI-FREQUENCY-

SItIFT TELETYPE SYSTEM

E.L. Maxwell, et al., National Bureau of

Standards, Boulder, Colo•, 3 Oct. 1960, 18 p.,

illus. (NBS rept• no. 6719), AD 249 995.

• . . operating in the VLF band was tested

against thermal and atmospheric noise .... ex-

perimental results and gave a 3 to 5 db advantage

in the carrier-to-noise ratio at the receiver input

terminals in a 1 kc effective bandwidth .... over

normal binary FSK teletype .... When operating

against atmospheric noise at 6-10 db advantage

over normal binary FSK was experimentally
obtained.

PIIASE-SENSITIVE DETECTION WITH MULTIPLE

FREQUENCIES

B.O. Pedersen, IRE Trans. Instrument., vol.

I-9, no. 3, Dec. 1960, p. 349/355.

The multiple-frequency type of phase-sensitive
detector differs from the conventional detector in

that the signal frequency is a multiple of the refer-

ence frequency. Conventional phase-sensitive
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detectors may be readily adapted for multiple-

frequency operation. Two detector circuits em-

ploying diodes are analyzed and discussed in detail.

The circuit configuration required for even

harmonic signals differs slightly from that re-

quired for odd harmonic signals .... As a

practical application, the use of a second harmonic

phase-sensitive detector in a flux-gate magneto-

meter, which leads to a simplification of the

magnetometer circuit, is described ....

A LONG RANGE DIGITAL COMMUNICATIONS

SYSTEM

A• J• Strassman, et al•, IRE Trans. Commun•

Syst•, vol. CS-9, no. 9, Dec. 1961, 383/389.

• . . high-frequency, digital data communica-

tion system using the quantized frequency-modu-

lation (QFM) technique and the quantized phase-

modulation (QPM) technique. QFM is a syn-

chronous frequency shifting technique that can

provide a predetermined amount of gap protection

between successively transmitted pulses on the
same subchannel frequency. The design of the

system provides for a basic bit rate of 1000 bits/
sec. and is capable of expansion to 8000 bits/sec.

STATISTICAL PROPERTIES OF M-ARY FRE-

QUENCY-SHIFT-KEYED MODULAT ED
CARRIERS

_t. Zabronsky, RCA Rev., vol. 22, no. 3,
Sept. 1961, p. 431/460.

• . . statistical properties of frequency-shift-

keyed and phase-shift-keyed modulated carriers

through a limiter plus other devices, in the

presence of white Gaussian noise•
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,DOUBLE FREQUENCY SHIFT DEMODULATOR
DEVELOPMENT AND SIGNAL DETECTION
STUDY

Page Communications Engineers, Inc., Wash-
ington, D. C., Final rept. 24 May 1960-
21 July 1961, July 1961, iv. (Rept. no.
PCE-R-8643A), (RADC TR 61-210),AD
263 455.

In double frequency shift systems, the re-

ceived signal is often perturbed by frequency
selective fading. A decision threshold com-

puter (DTC) is described which achieves a

substantial improvement in received signal re-
liability by using the normally detrimental
effects of this phenomenon to provide additional
orders of diversity• An experimental demodula-
tor with superior performance characteristics

was developed, incorporating the DTC Technique
to reduce teleprinter errors during selective
fading ....

ON THE OPTIMUM DETECTION OF DIGITAL
SIGNALS IN THE PRESENCE OF WHITE
GAUSSIAN NOISE--A GEOMETRIC INTERPRE-

TATION AND A STUDY OF THREE BASIC DATA
TRANSMISSION SYSTEMS

E. Arthurs, et al., IRE Trans. Commun. Syst.,
vol• CS-10, no. 4, Dec• 1962, p. 336/372.

• . . a geometric interpretation of the detection
problem is presented on a tutorial level ....

this technique is used to derive the optimum de-
tector for each of three basic data transmission

systems: m-level Phase Shift Keyed, m-level
Amplitude Shift Keyed and m-level Frequency
Shift Keyed. Corresponding probability of error
curves are derived, compared and discussed with
reasonable detail ....

THEORETICAL DIVERSITY IMPROVEMENT IN

MULTIPLE FREQUENCY SHIFT KEYING

P.M. Hahn, IRE Trans. Commun• Syst•, vol.
CS-10, no. 2, June 1962, p. 177/184•

• . • (MFSK) is a modulation suitable for

transmitting distal data under fading conditions.

• • . the MFSK signals on the several diversity
channels are presumed to be perturbed inde-

pendently by Rayleigh fading and additive white

Gaussian noise. Also, it is assumed that fading
is slow and that envelope, cross-correlation
(matched filter) detection is used ....

A MULTIFREQUENCY DATA SET FOR PARAL-

LEL TRANSMISSION UP TO 20 CHARACTERS
PER SECOND

B.R. Saltzberg, et al•, Commun• Electronics,
vol• 81, no. 60, May 1962, p. 101/105.

• • . This data set, as part of the general
DATA-PHONE service, provides economical
data transmission well-suited to data collection

of relatively short messages from many trans-
mitters to a single receiver• It transmits alpha-
betic and numeric characters, asynchronously,
using parallel multifrequency signaling techniques•
The system has been field tested over a wide

variety of telephone facilities with very satisfactory
results .... The speeds vary widely from above
2,000 bits per second to less than 100 bits per
second .... In designing.., system. • . the
network characteristics and limitations must be

kept in mind constantly... This data system
uses multi-frequency signaling • . • because of the

simplicity of the transmitting equipment• However,
such considerations as limited bandwidth, fre-
quency shift, delay distortion, echo, noise, and

over-all net loss require special attention and play
important roles in the final design objective of the
system .... A modified FM transmission method

was therefore chosen. Carrier at a rest frequency
in each band is turned on at the start of a transmis-

sion. The data message controls the shift to data
frequencies .... 3. Coding: Two-out-of-eight

for numeric, three-out-of-twelve (or three-out-of-
fourteen) for alpha-numeric ....

THE ERROR RATES IN MULTIPLE FSK SYSTEMS

AND THE SIGNAL-TO-NOISE CHARACTER-
ISTICS OF FM AND PCM-FS SYSTEMS

H. Akima, Central Radio Propagation Lab., Na-
tional Bureau of Standards, Colorado Springs,
Colo., 25 March 1963, 55 p., 35 refs•, Tech-
nical note no. 167, AD 402 243.

• . . evaluated for wide ranges of system para-
meters, assuming . . . a fading-free signal and
an additive white Gaussian noise. It is shown that
the required intrinsic SNR for an assigned value

of symbol error rate in multiple FSK systems can
be reduced by increasing the number of frequencies
in the keying. Comparison of the threshold in
band-dividing FM systems with that in PCM-FS
systems shows the latter cannot be lower than
the former . . . Brief discussions on the thres-

hold effects in frequency-lock and phase lock
FM demodulators suggest that the threshold of
these feedback FM demodulators can not be im-

proved beyond that of a band-dividing one.

THE "MARATHON" SYSTEM OF TELETRANS-
MISSION, PRINCIPLES AND APPLICATIONS

(In French)

J. Fuz_illier, Onde Elcctr., vol. 43, no. 431,
Feb. 1963, p. 170/176.

• . . designed and developed by the C• S. F.
• . . is especially applicable to industrial
installation . . . Bipolar FSK system on tone-
subcarriers . . . two examples of its use in
two types of links: one by telephone line be-

tween two stations, the other by radio links
connecting three stations.

THE ORTHOMATCH DATA TRANSMISSION
SYSTEM

B.G. Kutm, et al., IEEE Trans. Space Elec-
tronics Telemetry, vol. SET-9, no. 3,
Sept. 1963, p. 63/66.

• . . Envelope-orthogonal signals in the
transmitter and matched filters in the receiver

are employed; Orthomateh at 16 levels requires
5.6 db less power than orthogonal incoherent
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PCMand1.9dblesspowerthanbiphasePCM.
CalculatedandmeasuredcomparisonofOrtho-
matchandatypicalPAM-FMsystemshowsan
11.5dbpoweradvantagefor Orthomateh....
Amongthemanypossibleincoherentsetstheone
chosen..• iscomposedofsinusoidsofduration
TOsecwithfrequenciesspacedsuccessivelyby
1/T0cps.Thereceivercorrespondingtothe
chosensignalsetconsistsofasetofmatched
filters, followedbyenvelopedetectors,samplers
anda"greatest-of"decisioncircuit.... Am-
plitudequantizationoftheanaloginputvoltageto
16levels.The16levelsarerepresentedin
transmissionby16discretetransmitterfrequen-
cies.... Framesyncand40-kctimingin-
formationaretransmittedona17thfrequency
whichisbiphase(0- 180° )modulated.The
biphasemodulationisabinarycodeoflength
255bitswhichhasanoptimizedautocorrelation
functionforcorrelationdetection....
A LIMITFORTHEPROBABILITYOFERROR

FORLARGEST-OF-SELECTION(Correspondence
F.G.Splitt,IEEETrans.Commun.Syst.,

vol.CS-11,no.4, Dec.1963,p. 494/496.

• . . Whenfrequency,isutilizedastheortho-
gonalmodulationparameterthereresultsamulti-
ple-frequencyshift-keyed(FmSK)tranmission.
DOUBLEFREQUENCY-SHIFTKEYDEMODULA-

TIONSTUDY

PageCommunicationsEngineers,Inc., Wash-.
ington, D. C., Final rept., 4 April 1962-
30 June 1963, Aug. 1963, lv. Rept. no. PCE
R--52 0028A, RADC TDR63 395, AD 422 929.

• . . detection of received signals in double

frequency-shift keying systems is reported. • •
earlier • • . a variable decision technique was

applied to an experimental DFSK demodulator
and, in controlled tests, achieved a substantial
reduction in teleprinter errors during frequency

selective fading • • •

WEAK SIGNAL COMMUNICATION TECHNIQUES
Bell Telephone Labs., Inc•, Whippany, N• J•

Final rept• , May 1961 - April 1963, July 1963,

96 p•, AD 417 037.

• • • a more complete analysis of the per-
formance of multilevel FSK systems • . .

Related Publications:

TECHNIQUES FOR INCOHERENT SCATTER
COMMUNICATION

D. P• Harris, IRE Trans. Commun. Syst•, vol.
CS-10, no. 2, June 1962, p. 154/160•

• • . a class of digital communication systems

that employ sinusoidal pulse-transmissions with
frequency-shift or time-position-shift modulation,
or a combination of these techniques ....

1•334: Frequency Time Shift Keying (FTSK)

Included: Side stepping systems; FT dodging waveforms; Combined frequency and time-shift keyed

data systems; Frequency hopping systems; QFM system of National Cash Register Co•

Not Included: RADAS = random access discrete address systems (2); Anti-multipath communication

systems (2).

Cross References: Spread spectrmn waveforms (1• 316); Higher order data transmission systems

(1. 313).

Principal Publications:

FREQUENCY SHIFTS IMPROVE PULSE
COMMUNICATIONS

J. L. Hollis, Electronics, vol. 32, no. 19,
June 1959, p• 66/69•

New technique overcomes multipath problems
in long-range pulse transmission. Transmitter

and receiver simultaneously shift frequency so
that receiver is sensitive only to the transmission
arriving by the shortest path.

AN EXPERIMENTAL EQUIPMENT TO REDUCE
TELEPRINTER ERRORS IN TttE PRESENCE
OF MULTIPATIt

J• L• llollis, IRE Trans• Commun. Syst•,
vol. CS-7, no. 3, Sept. 1959, p• 185/188.

• . . A commonly used four-channel multiplex

system has a bit lenglh of 6.7 milliseconds and

128

is thus seriously affected by differences in path

delay greater than approximately 3 milliseconds.

• . . This paper describes a method of. • .
synchronously shifting the frequency of the trans-
mitter and receiver following transmission of
each bit. The receiver is thus responsive to the

signalling element propagated by the shortest
path and rejects the long path signals by filter
selectivity .... The compatibility of the
multipath equipment with existing equipment and

the ability to reduce the error rate substantially,
under conditions of ground-scatter multipath
propagated by the F layer, have been successfully
demonstrated ....

A FREQUENCY STEPPING SCttEME FOR OVER-
COMING THE DISASTROUS EFFECTS OF
MULTIPATtI DISTORTION ON ttIGH-

FREQUENCY FSK COMMUNICATION
CIRCUITS
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.A.R•Schmidt,IRETrans.Commun.Syst.,
vol. CS-8,no.1, March1960,p•44/47•

• . . it is practicaltoemployfour-channel
timedivisionmultiplexsystemsundermulti-
pathconditionsthatwouldotherwiserender
themuseless.

AFCFORFREQUENCYHOPPINGSYSTEMS
T.J• Rey,etal., IRETrans.Commun.Syst.,

vol•CS-10,no•2, June1962,p. 202/208•

• . . stabilizingthefrequencyofavoltage-
tunableoscillatornearanyoneofmanydiscrete
frequencies•Adelaylinetakestheplaceofthe
conventionalcavityin thediscriminator....

EXPERIMENTSINFREQUENCYDIVERSITYFOR
TROPOSCATTERSYSTEMS

W.S•Patrick,Rec.Nat•Commun.Syrup.,
volo9,Oct.1963,p. 217/232•

• . . previouslyreportedworkwhichshowed
thatrelativelycloselyspacedfrequenciesex-
periencesubstantiallyuncorrelatedfadingwhen
propagatedthroughatroposphericscatter
mechanism.... Experimentshavebeencar-
riedoutoverotherdistanceswithdifferentcom-
binationsoffrequenciesandspacings•Foran
overallbandwidthof8mc,whichis apractical
limit, theoptimumcombinationseemstobefour
frequenciesspaced2mcapart°Thiscombina-
tionprovidesapproximatelyfourth-orderdiver-
sity. Digital data have been transmitted using

Time Shift Keyed (TSK) signals. This system
(FSK) in conventional systems, shows a sub-
stantial advantage over the simple AM system
used previously .... a digital "one" is made
up of a mark-space pattern, and a digital "zero"
is made up of a space-mark pattern ....

COMBINED FREQUENCY AND TIME-SHIFT
KEYED TRANSMISSION SYSTEMS

F.G• Split, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 4, Dec. 1963, p• 414/421•

• • . the two possible states of a binary wave-
form are represented by the order of two pulses

which occur on different frequencies, for in-

stance, fl and f2" For example, if the ordered

pair (fl,f2) represents a Mark, then (f2' fl )

represents a Space• The power spectrum, as
well as the performance of both coherent and non-
coherent systems in an interference environ-
ment, is investigated .... FTSK's dual fre-
quency diversity is shown to provide a substantial

antifading capability to both coherent and non-
coherent transmissions. Furthermore, it is
observed that FTSK offers the potential for:
1) complete rejection of CW and other forms of
narrow-band interference, 2) simplified post-

detection signal coupling circuits, 3) enhanced
performance of digit synchronization circuits
and 4) error detection and correction ....

Related Publications:

SINGLE PULSE AFC SYSTEM

J•G. Isabeau, IRE Intern• Cony. Rec•, vol. 5,
March 1961, p. 278/284.

• . . uses a fast feedback loop in order to reach
steady state in less than lg sec . . . used in con-
junction with a radar transmitter, the frequency
of which is altered from pulse to pulse . . .

TECHNIQUES FOR INCOHERENT SCATTER
COMMUNICATION

D.P. Harris, IRE Trans. Commun. Syst.,
vol. CS-10, no• 2, June 1962, p. 154/160.

• . . systems that employ sinusoidal pulse-
transmissions with frequency-shift or time-
position-shift modulation, or a combination of
these techniques. The magnitudes of the shifts
are to be selected such that the received wave-
forms, (corresponding to different possible

transmitted-pulse positions) can be observed
independently ....

A LIMIT FOR THE PROBABILITY OF ERROR
FOR LARGEST-OF-SELECTION

(Correspondence)

F.G. Splitt, IEEE Trans. Commun. Syst•,
vol. CS-11, no. 4, Dee. 1963, p. 494/496.

• . . multiple-time shift-keyed (TmSK) trans-

missions . . . frequency is utilized as the ortho-
gonai modulation parameter . . .
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Section i. 34

Digital Phase Modulation Systems

Phase modulation is a very efficient modulation method for data transmission over space communications

links. In contrast to SSB, it retains the dc component and the phase information in any information or

signal waveform, provided the equipment is properly designed. It requires, similarly to SSB, a minimum

bandwidth only. Symmetrical band distortions cause less information impairment than in any other comparable

modulation method. Coherent phase demodulators (theoretically the optimum detection system) can be readily

applied.

In phase-keying systems, it is likewise usual to discriminate between binary, multiphase and hybrid data

systems.

The combination of phase modulation with the application of long binary sequences as digital waveforms led

to the development of a very important class of data systems for space application: The phase coherent

coded data transmission systems. They are specifically referenced in subdivision i. 345.

1.340: Phase Modulation Data Transmission Systems in General

Included: Phase modulated data systems over fading channels; Phase shift keying systems in general.

Not Included: Phase lock loops; Phase modulators; Phase demodulators.

Cross References: Statistical characteristics of fading channels (i. 612); Phase modulation for analog

information (1. 233); FSK-PM modulation method (I. 940); PCM-PS modulation method (i. 940).

Principal Publications:

AUTOMATIC CONTROL OF RADIO FREQUENCY

PHASE SHIFT

S. N. Broady, et al., Electronic Communications,
Inc., Timonium, Md., Oct. 1959, 36p., Final

rept., AFCRC TR-59-363, AD 231 847.

Research was conducted (1) to investigate

electronically controllable phase shifter devices

suitable for operation in the 200 to 1500 Me/see

frequency band and (2), to investigate and develop
feed-back techniques to provide precision elec-

tronic control of these devices.

PERFORMANCE OF DIGITAL PHASE-

MODULATION COMMUNICATION SYSTEMS

C. R. Cahn, IRE Trans. Commun. Syst., vol.

CS-7, no. 1, May 1959, p. 3/6.

PULSE PHASE-CHANGE SIGNALING IN THE

PRESENCE OF IONOSPHERIC MULTIPATH

DISTORTION

S. G. Lutz, et al., IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 102/110.

ANALYSIS OF A PHASE MODULATION

COMMUNICATIONS SYSTEMS

R. L. Choate, IRE Trans. Commun. Syst.,

vol. CS-8, no. 4, Dec. 1960, p. 221/227.

COMPARISON OF PSK VS FSK AND PSK-AM

VS FSK-AM BINARY CODED TRANSMISSION

SYSTEM

A. B. Glenn, IRE Trans. Commun. Syst., vol.

CS-8, no. 2, June 1960, p. 87/100.

PIIASE-StIIFT KEYING IN FADING CIIANNELS

If. B. Voelcker, Proc. Inst. Fleet. Engrs.,

London, Part B, vol. 107, no. 31, Jan. 1960,

Paper 3125 E.

ERROR PROBABILITIES FOR TELEGRAPH

SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B. B. Barrow, Proc. IRE, vol. 48, Sept. 1961,

p. 1613/1629.

• . . for multiplexed binary telegraph signals

that are used to frequency-modulate an RF carrier

that is subsequently corrupted by fading and noise.

Frequency-shift keying, amplitude keying, and

phase-shift keying are considered ....

INVESTIGATION OF DIGITAL DATA

COMMUNICATION SYSTEMS

J. G. Lawton, Cornell Aeronautical Lab., Inc.,

Buffalo, N.Y., 3 Jan. 1961, Rept. no.

UA-1420-S-1, RADC TR 61-58, AD 256 584.

• . . performance of several types of Phase

Shift Keyed (PSK) systems . . . The performance
of m-state differentially coherent multiplexed PSK

data links operating over a Rayleigh fading tropo-

spheric scatter link is analyzed ....

TRANSMISSION OF SIGNALS BY PULSE-

PARAMETER COMPARISON METHOD

N. T. Petrovich, Radio Engng: Transl. of
Radioteknika, vol. 16, no. 1, 1961,

p. 1/9, 12 refs.

• . . a method . . . based on comparison of

parameters of individual pulses, which permits

the use of new techniques in communications.
Also discussed is one of its specific applications

in pulse carrier-wave phase comparison (rela-

tive phase telegraphy RPT). It is shown that

RPT makes noiseproof coherent reception

practically possible in communications channels

affected by fluctuation noise .... the zero

value of a pulse parameter, (phase, frequency,

amplitude . . . used to transmit information is
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-setbythevalueofthisparameterinoneofthe
discretepulsesprecedingthegivenpulse....
Tosimplifythememoryelement,it is convenient
thatthenthpulsebecomparedwiththepreceding
pulse. • • andthattransmissionbeachievedby
anequal-valuecode(inwhichtheelementary
pulsesareofequalduration).... Themethod
oftransmissionbasedoncomparisonofparam-
etershasbeenstudiedindetailbyusfortwo
specificcases--comparisonofphasesandcom-
parisonoffrequenciesofthecarrieroscillation
oftheelementarypulses....

MINDESTPHASENSYSTEME(MinimumPhase
Systems)(inGerman)

G.Wunsch,Nachrichtentech.vol. ii, no.3,
March1961,p• 99/102.

DETERMINATION OF THE SPECTRUM OF A

CARRIER PHASE-MODULATED BY A BI-

PHASE SUBCARRIER

R. Chin, et al., Philco Corp., Palo Alto, Calif.,

Technical operating rept., 25 Jan. 1962, 18 p.

incl. illus., table, Rept. no. WDL-TR1900,

AD 296 415.

• . . spectrum of a bi-phase subcarrier, that

switches phase every bit period, phase-modulating

a carrier .... worst case with regard to band-
width .... the minimum IF bandwidth is twice

the sum of the subcarrier frequency and one-half

the switching frequency .... components beyond

the third harmonic are appreciably small and
may be neglected ....

DIFFERENTIAL MODULATION DATA TRANS-

MISSION SYSTEM USING PHASE INVERSION

(In French)

J• Claisse, Onde Electr•, vol• 43, no• 431, Feb.
1963, p• 148/152•

• . . designed and built by the Societe Anonyme

de Telecommunications• This phase inversion

system of differential modulation occupies the

normal telephone channel b._ndwidth . . . The

device is original in its method of demodulation

and carrier regeneration•

A MULTICHANNEL PHASE SYSTEM

V. G. Dolotov, Foreign Technology Div., Air

Force Systems Command, Wright-Patterson

Air Force Base, Ohio, 24 Jan. 1963, 4 p.,
Trans. no. FTD-TT-62-1636 from Soviet

Patent no. 145919, (722250/26), 18 March

1961, AD 298 216.

NOISE IMMUNITY OF PHASE SHIFT KEYING

IN SIGNAL FADING (Translation)

I. V. Dulenko, Telecommunications and Radio

Engineering, Part I-Telecommunications,

Nov. 1962, p. 66/68, A63-19197.

• . . The error probability in a channel with

slow fading is assessed, using the method of
Fink ....
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ADAPTIVE TECHNIQUES FOR LONG RANGE

TRANSMISSION OF PULSE CODE MODU-

LATION TELEMETRY DATA

D. H. Ellis, et al., Dynatronics, Inc., Orlando,

Fla., Final rept., June 1960-May 1961, Aug.

1962, 244 p• incl. illus., tables, refs., ASD
TR 61-198, AD 288 076.

• • . The type of modulation _hase) for the

R. F. link is shown by theoretical analysis to
be superior to any other ....

NON-GAUSSIAN ATMOSPHERIC NOISE IN

BINARY-DATA, PHASE-COHERENT
COMMUNICATION SYSTEMS

B• Shepelavey, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 3, Sept. 1963, p. 280/284.

Performance evaluation of a binary-data phase-

coherent system is presented for the case when

interference is confined to the non-Gaussian com-

ponent of atmospheric noise .... a mathematical

model of the non-Gausstan component of atmos-

pheric noise in narrow bandwidths is formulated

which, for high instantaneous noise voltages,

coincides exactly with the empirical atmospheric

noise data .... a technique is developed where-

by the effects of the entire atmospheric noise can

be approximated by a combination of the non-

Gaussian and Gaussian components with different

power densities ....

TRANSIENTS IN RESONANT SYSTEMS WITH

PHASE-KEYED OSCILLATIONS (Translation)

V. V. Sokolov, et al., Telecommunications and

Radio Engineering. Part I-Telecommunica-

tions, April 1963, p. 34/40, A64-12172.

• . . It is shown that when the phase is keyed

through an angle other than 180 °, and when the

signal is detuncd relative to the mid-band fre-

quency of the resonant system, the transients

occur in different ways for a phase step-change

toward positive or negative values . • . this

phenomenon should be taken into consideration

in the design of phase telegraphy receivers.

UNIFIED ANALYSIS OF CERTAIN COHERENT

AND NONCOHERENT BINARY COMMUNI-

CATIONS SYSTEMS

S. Stein, IEEE Trans. Inform. Th., vol. IT-10,

no. i, Jan. 1964, p. 43/51.

• . . including all possible conditions of non-

orthogonality of signal, and correlations in the

noise processes. These forms include frequency-

shift keying with noncoherent detection, gen-

eralized to all noncoherent detection systems

utilizing two basic waveforms, and phase-shift

keying with a noisy reference signal, generalized

to all coherent detection systems utilizing a single
basic waveform.

The unified result is achieved by exploiting a

fundamental relationship between noncoherent and

coherent operation• Also, some useful and not

widely-known mathematical techniques involving

the Q function are presented and utilized in the
derivations ....
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RADIOTELEGRAPHY

M. V. Verzunov, Joint Publications Research

Service, Washington, D. C., 3 March 1964,

71 p., Transl. into English of a Russian

pamphlet Moscow, Mill. Publishing House

of the Defense Min. USSR, 1961, p. 1-80,

JPRS-23500; OTS64-21706, N64-18054.

• . . covers . . . (i) radiotelegraphic methods

and radiotelegraph signal parameters; (2) ampli-

tude keying . . . (3) frequency keying . . . (4)

telegraph keying in multichannel operation; (5)

phase keying . . . (6) methods of improving

radiotelegraphy-communications stability; and

(7) remote-transmitter keying•

FSK/PM THRESHOLD IMPROVEMENT STUDY

Philco Corp., Palo Alto, Calif., Technical

documentary rept., 15 Aug. 1962, 1 vol. incl.
illus., 6 refs., Rept. no. WDL-TR1870,

AD 284 800.

An experimental study.., to determine means

of improving the threshold of the Advent FSK/PM

command link .... construction . . . of a . . .

command link simulator . . . considerable

supporting data were obtained in the form of time

waveform photographs, spectrum photographs and

plots, and system response curves. The results

indicate the desirability of using coherent tones •

and pre-modulation filtering in the transmitter as

well as the obvious need for an optimum detector•

Theoretical investigations of the bit sync problem

in the receiver emphasize the need for additional

work to investigate a number of interesting

detection schemes.

Related Publications:

STATISTICAL PROPERTIES OF M-ARY

FREQUENCY-SHIFT-KEYED MODULATED

CARRIERS

H. Zabronsky, RCA Rev., vol. 22, no. 3, Sept.

1961, p. 431/460.

. . . statistical properties of frequency-shift-

keyed and phase-shift-keyed modulated carriers

through a limiter plus other devices, in the

presence of white Gaussian noise.

SENSITIVE COMMAND NETWORK (SCN)

NOISE EVALUATION TESTS (WG-11)

R. G. Lenz, et al., Boeing Co., Seattle, Wash.,

22 Jan. 1963, 58 p., Document no. D2 9233,

vol. 7, AD435 782.

Errors introduced in a diphase message in

the Sensitive Command Network are investigated.

1. 342: Binary Phase Modulation Data Systems

Included: Bi-phase data transmission systems; Phase reversal data systems; Diphase PCM cable

systems (Stelma); Diphase modem (Motorola); Hallicrafters phase reversal system; IBM binary

phase modulation set; Differentially coherent phase-reversal system; COBI - coded biphase data
transmission modem.

Cross References: Phase modulation for analog signals (1. 233); 201 A and 201 B subset of Bell

Telephone (1. 343); Dibits (phase quadrature biphase waveforms)(1. 343); Four phase data transmission

systems (1. 343).

Principal Publications:

AN EXPERIMENTAL MODULATION-DEMODULA-

TION SCHEME FOR HIGH-SPEED DATA

TRANSMISSION

E. Hopner, IBM Journ. Res. Developm., vol. 3,

Jan. 1959, p• 74/84.

• . . transmitting binary data over private tele-

phone lines. A brief review of alternative approaches

is given, with a description of the laboratory model.
Performance of the equipment is reported with the

reliabilities experienced at 600, 1000, 1600, and

2400 bits per second.

IMPROVED PHASE MODULATOR-DEMODULATOR

M. George, International Business Machines Corp.,

Rockvillc, Md., Quarterly progress rept. no. 1,

5 Sept. 1960, 36 p. incl. illus., AD 266 540.

Effort concerns the transferring of digital data

over voice communications channels. The con-

tractor (IBM) will develop and construct a digital

modulator-demodulator using transistor circuits,

phase modulation, and bit synchronism. Progress

is presented on the logic design and on the elec-

trical design of each circuit. Progress was satis-

factory. Almost all of the circuits were designed

and most were tested.

IMPROVED PHASE MODULATOR-DEMODULATOR

M. George, International Business Machines

Corp., Rockville, Md., Quarterly progress

rept. no. 2, 1 Sept.-30 Nov. 1961, 30 Nov. 1961,

23 p. incl. illus., AD 274 054.

IMPROVED PHASE MODULATOR-DEMODULATOR

J. G. Puente, International Business Machines

Corp., Rockville, Md., Quarterly progress

rept. no. 3, 1 Dec. 1961-28 Feb. 1962., 28

Feb. 1962, 39 p. incl. illus., AD 274 660.

IMPROVED PHASE MODULATOR-DEMODULATOR

J. G. Puente, International Business Machines

Corp., Rockville, Md., Quarterly progress

rept. no. 4, 1 March-31 May 1962, 31 May

1962, 41 p. incl. illus., AD 284 038.
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•COBIDATATRANSMISSIONTESTINGIN THE
UNITEDKINGDOM

P. L• Grant,LincolnLab.,Mass.Inst.of
Tech.,Lexington,27March1962,20p•incl.
illus., 2refs., Rept.no•25G-8,AFESDTDR
62-82,AD275152.

• . • summarizesthedataobtainedduringthe
measurementofthecodedbiphase(COBI)data
transmissionmodemovertheprivatewire
servicesintheUnitedKingdom....

ANAUTOMATIC-FREQUENCY-CONTROLLED
PHASE-SHIFT-KEYEDDEMODULATOR

W.Hannan,etal., RCARev.,vol.22,no.4,
Dec.1961,p•729/752.

• . . Theprinciplesofbinaryphase-shift-
keyed(psk)demodulatorsarereviewedwith
regardtotheiruseinairborneor satellite
communicationssystemswherelargefrequency
errorsduetodopplershiftandoscillatordrift
areunavoidableandshortlockuptimeis
essential•

SPECIFICATIONSFORA COBIDATATRANS-
MISSIONMODEM

E. J• Hofmann,LincolnLab.,MIT,Lexington,
18July1961,47p., Rept.25G-0035,
AD261546•

CARRIERPHASEREVERSALTRANSMITS
DIGITALDATAOVERTELEPHONELINES

J. R. Masek,Electronics,vol.34,no.21,
May1961,p. 56/58.

SYNCHRONOUSDEMODULATIONOFPHASE-
REVERSINGBINARYSIGNALS,ANDTHE
EFFECTOFLIMITINGACTION

D. G.Tucker,IRETrans.Commun.Syst.,
vol. CS-9,March1961,p. 77/82.

ANOPTIMUMSELF-SYNCHRONIZED
COMMUNICATIONSYSTEM

S•S.Chang, etal., Commun•Electronics,vol•
81,no.60,May1962,p. 110/116•

• . . Thetransmittedsignalconsistsoftwo-
phasemodulation(0and180degrees)ofa
sinusoidalcarrier.... Theoutput• . . is
squaredsothattheresultingsignalis statis-
ticallythesamewhenthetransmissionis the
in-phasecarriertoneburstor theout-of-phase
carriertoneburst....

DESIGNPLANFORDIPHASEPCMCABLE
SYSTEM

R. Couturier,Stelma,Inc., Stamford,Conn.,
29May1962,23p•incl. illus., AD294767•

• . . proposeddesign.., foracablerepeater
referredtoastheunattendedrepeater. . . The
equipmentis toprovidediphasetransmission
modeinapulsecodemodulationsystem,as
replacementfor thedipulsetransmissionmode.
• . • It consistsin thisapplicationofavariable
frequencywave,wherethreesuccessivereversals

atthehigherfrequency(i.e., onefull cycle}
representsa logical0andwheredeletionofthe
secondreversalinagroupofthree(resultingin
ahalfcycleofawaveatthelowerfrequency}
representsalogical1•
DEVELOPMENTOFDIPHASEPCMCABLE

SYSTEM
R.Couturier,StelmaInc•,Stamford,Conn.,

Quarterlyprogressrept.no.2, 16Sept.-
15Dec.1962,15Dec•1962,28p., Rept.
no.2, AD298585.

THECOBIDATATRANSMISSIONMODEM
K. H.Morey,LincolnLab•,Mass.Inst.of

Tech.,Lexington,23May1962,54p.incl.
illus., tables,9refs., Technicalrept.no.
263,AFESDTDR62-97,AD277501.

TheCOBI(codedbiphase)datatransmission
modememploysphase-reversalmodulationand
codetranslationasameansoftransmittingserial
digitaldataovervoice-bandwidthtelephonecir-
cuits. • • ahistoryofdatasystemsleadingto
COBI,abriefdiscussionoftelephone-circuit
characteristics,andasummaryofthetheory
basictophase-reversalmodulation....
extensiveteststowhichCOBIhasbeensubjected
andsomeoftheresults. . . specificationsfor
aCOBImodem,aswellasproceduresforits
alignmentandtesting,areappended•

DATATRANSMISSIONINVESTIGATION
J. J. Tsimbidis,Motorola,Inc., Chicago,Ill.,

10Dec.1962,i vol. incl. illus., tables,
Quarterlyrept•no.1, 11Sept.-10Dec.1962,
Rept•no.5, AD297366.

PerformanceoftheDi-phasemodemin the
presenceofwhitenoiseis evaluatedat150,300,
600,and1200bps....

DEVELOPMENTOFDIPHASEPCMCABLE
SYSTEM

R. Couturier,Stelma,Inc., Stamford,Conn.,
QuarterlyProgressrept.no.3, 15Dec•
1962-15March1963,1vol., AD4O9919•

. . . unattendedcablerepeatersTD-206X-1
andmodificationofmultiplexersTD-204XC-3)/U
(CombinerB unit).... CablerepeaterTD-
206(X-1)/Gdesignwasalmostcompleted,when
severecouplingproblemsshowedupinacomplete
circuitconfiguration.Theclockamplifierand
cabledriverwereredesignedfordifferentvoltage
levels,andimprovedastoefficiencyand
performance• . .

A POINT-TO-POINTDATATRANSMISSION
SYSTEMUSINGMFRADIO

P. J. Ferrell,etal., Rec.Nat•Commun.Symp.,
vol.9, Oct.1963,p. 325/330.
• . . Thedatais sentasDifferentialPhase

ReversalModulation(DPRM)anddemodulated
byaDelayedReferenceProductdemodulator•
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Timing is non-linearly extracted from the "raw

data" and used to regenerate the original NRZ

data. Degradation factors and bit error proba-

bilities are derived for this system and a com-

parison with the '_[ntegrate and Dump" demodulator

is drawn. The performance is described in both

a Gaussian and atmospheric noise environment•

DATA TRANSMISSION TESTING FROM

DONNELLEY FLATS, ALASKA, TO

SUNNYVALE, CALIFORNIA OVER A NET-

WORK OF CARRIER EQUIPMENT

P. L• Grant, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 21 Feb• 1963, 10 p.,

illus., table, Rept. 25-G-11, AD 402 067.

• . . made from 27 June 1962 to 28 July 1962

evaluating the coded biphase data modem over

a combination of K-carrier, TD-2 (microwave),
and submarine cable • • •

RADIO TRANS_IISSION OF DIPHASE SIGNALS

J• J. Kolarcik, et al•, Rec• Nat• Commun.

Symp., vol• 9, Oct. 1963, p. 289/296•

• . • Amplitude Modulation with modified diphase

signals was studied .... Modified Diphase is a

differential-phase modulation technique, where

modulation is performed by reversing the phase of

a square wave every time a Mark is to be trans-

mitted. No change in phase is made when a space

is transmitted. The resulting square wave is

filtered to remove the high-frequency energy, and
is then transmitted ....

LONG RANGE COMMUNICATIONS INTER-

FERENCE STUDY

A. Krinitz, Melpar, Inc., Falls Church, Va•,

Technical note no. 4 on Radio Frequency

Interference in Digital Two-Phase Coherent

Communication Systems, March 1963, 47 p•,

Technical note no. 4, RADC TDR 62-360,

vol• 4, AD 298 167.

DESCRIPTORS: . . . Microwave relay sys-

tems . . . Statistical functions, Communication

satellites (Active), Communication satellites

(Passive), Signal-to-noise ratio.

SPECTRAL DENSITY DISTRIBUTIONS OF

SIGNALS FOR BINARY DATA TRANS-

MISSION

H. J• Pushman, J. Brit. Instn. Radio Engrs.,

vol. 25, no. 2, Feb. 1963, p. 155/165.

• • . The distributionsfor relevant p.m.

systems are derived . • .

REAL-CHANNEL ASPECTS OF AN ERROR-

FREE DATA TRANSMISSION SYSTEM FOR

TOLL-GRADE TELEPHONE CIRCUITS

W. G. Schmidt, IEEE Trans. Commun. Syst.,

CS-11, no• 1, March 1963, p. 69/72.

• . . The modulation system used for purposes

of these tests is a differentially coherent 1200

bit-per-second phase-reversal system which uses

internal coding for purposes of enabling the

regeneration of the BIT TIMING and BLOCK

START signals at the receiver ....

LONG-RANGE COMMUNICATIONS INTER-

FERENCE STUDY

S. Seideman, Melpar, Inc., Falls Church, Va•,

Final rept., March 1963, 61 p., RADC TDR

62-411, AD 29_ 623.

TESTS ON IIIGH SPEED TRANSMISSION OF

CODED INFORMATION OVER AN EXPERI-

MENTAL LINK BETWEEN FRANCE AND

HOLLAND (In French)

J. Touchard, Onde Electr., vol. 43, no. 431, Feb.

1963, p. 207/213.

• . . The telegraphic speed was 1000 Bauds . . .

The circuit was a normal telephone channel • . .

The terminal equipment consisted of simplified

versions of that supplied by the Philips Telecom-

munication Industry to the American airline com-

pany (United Air Lines) for its seat reservation

system.

Related Publications:

PlIASING INVERTING MODULATOR/DEMODU-

LATOR FOR THE TRANSMISSION OF DATA

ON TELEPHONIC CIRCUITS (In French)

J. M• Pierret, Onde Eleetr., vol. 43, no. 431,

Feb. 1963, p. 177/185.

• . . development of methods different from

those which have been applicable at telegraphic

speeds .... inversion modulation seems to be

the most satisfactory for the transmission of

binary data . . . description of a modulator/

demodulator developed for examination of data

transmission on telephone circuits using this

"kind of modulation•

1. 343: Four Phase Data Transmission Systems

Included: 201A and 201B binary phase quadrature subsets; RLxon Sebit-25 data system; Dibits;

Differentially coherent phase-shift keying (Collins); Air-to-g_round data system of Litton systems;

AN-GSC-4 data modem; AN-TYC-2 data system; Quaternary phase shift data systems; Hughes
1IC-270 four phase data modem; Quad-phase modem of Motorola•

Not Included: Multiplexing methods (2); Phase modulators; Phase demodulators; Phase-lock loops;

Matched filter design; Theory of correlation detection (2).

Cross References: Bi-phase data trm:smission systems (1.342); Phase modulation for analog

sig_mls (1. 233); IVlatched filter signal extractors (1. 372); Correlation receivers (1. 373); ttigher
order data systcms in general (1. 313).
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Pr in c iio_al Publications:

KINEPLEX, A BANDWIDTH-EFFICIENT
BINARY TRANSMISSION SYSTEM

R.R. Mosier, et al., Commun. Electronics,

Jan• 1958, p• 723/728.

THEORETICAL ERROR RATES OF "DIF-

FERENTIALLY COHERENT" BINARY

AND "KINEPLEX" DATA TRANSMISSION

SYSTEMS

J.G. Lawton, I>roc. IRE, vol. 47, Feb.

1959, p. 333/334.

MEASURED PERFORMANCE OF THE

SEBIT-25 DATA SYSTEM OVER WIRE

LINE FACILITIES AT 2500 BITS PER

SECOND

J.L. Hollis, IRE Trans. Commun. Syst.,

vol. CS-8, no. 2, June 1960, p. 134/137.

DIGITAL DATA TRANSMISSION AT 5400

BIT/SEC OVER PRIVATE LINE, TELE-
PHONE FACILITIES

F• K. Morioka, et al•, l>roe. Nat. Electronics

Conf. vol• 16, Oct. 1960, p• 45/53.

The theory, description, and preliminary

field test data of the feasibility model for

the Digital Communications Set, AN/GSC-4
are presented . . . to demonstrate the

feasibility of transmitting synchronous binary
data at rates up to 5400 bits-per-second over

private line telephone facilities of nominal

4 KC bandwidth with error rates not exceeding

1 in 105 bits transmitted .... inclusion of

data conversion equipment which would allow

the AN/GSC-4 to transmit SAGE dipulse

signals at rates up to 2600 bits-per-second

and 16 channels of mixed-speed, non-syn-
chronous teletypewriter data ....

A REAL TIME TELEMETRY DATA TRANS-
MISSION SYSTE?J

H•E• Rennacker, Conf. l>roc• Natl. Conv•

Mil. Electronics, vol. 4, June 1960,
p. 194/202.

• . . describes a modularly expansible system

which can utilize either 3 kc voice lines, or HF

ratio facilities with a high degree of spectrum
conservation•

• . . The unit marked TE-206T is a Kincplex

transmitter with a capability of handling eight

300 bit per second input channels and using this
information to modulate a 3 kc voice channel.

• o •

AN/TYC-2 DATA SYSTEM

Collins Radio Co., Burbank, Calif., 1 July-
30 Sept. 1960, 6 p., AD 248 718.

• . . This system is designed to transmit and

receive digital data by means of phase shifted
audio tones via a voice communications channel.

Transmission rate is 300 characters per second,

each consisting of 8 parallel bits . . . Present

major effort concerned the development of a

keyed filter circuit ....

• A LONG RANGE DIGITAL COMMUNICATIONS

SYSTEM

A.J. Strassman, et al., IRE Trans. Commun.

Systems, vol. CS-9, no. 9, Dec. 1961,

p. 383/389.

. . . quantized phase-modulation (QPM) tech-

nique .... System peripheral equipments pro-

vide digital inputs from facsimile and voice

(Vocoder), as well as from multispeed teletype.

Highly miniaturized modular construction is

used throughout for all equipments and installa-
tions ....

PHASE-MODULATION DATA SETS FOR SERIAL

TRANSMISSION AT 2,000 and 2,400 BITS
PER SECOND

P.A. Baker, Commun. Electronics, vol. 81,

no. 61, July 1962, p. U6/171•

• . . Pairs of serial binary digits, called

dibits, are encoded by the transmitter to gener-

ate line signal elements conveying information

by means of relative shifts of the carrier-

frequency phase angle .... use of differentially

coherent detection in the receiver. In-phase

and quadrature components of the received

line signal are delayed for a period of time

corresponding to one signal element and are

then modulated with the incoming signal to

produce baseband data signals. Bit syn-
chronization timing circuits in the receiver

continuously recover a timing wave from the
line signal .... Two models of the data

set will be available. The 201A and 2,000

bits per second is designed for use on the
switched network . . . Two thousand four

hundred bits per second operation is pos-

sible on point-to-point private lines with the

201B ....

tIC-270 FOUR-PHASE DATA MODEM

(Correspondence)

J. N• Buterbaugh, et al., IRE Trans. Com-

mun. Syst., vol• CS-10, no• 4, Dec.

1962, p. 464/466.

• . . GLOBECOM introductory paper

covered wireline transmission facilities,

a comparison of representative transmission

techniques . . . and the basic reasons for

selecting a differentially coherent, four-

level, phase shift keying system to obtain
data rates up to 4800 bits/second ....

Additional features of the system were

described in a WESCON paper in August,
1961 .... The purpose of the present

correspondence is to outline briefly the

characteristics of the HC-270, and to

describe in greater detail the usual design
approaches involved in the receiver detec-

tion scheme ....
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AN/GSC-4 DATA MODEM SERVICE TEST
MODE L DEV DEVELOPMENT

G.G. Fairbanks, et al., Collins Radio

Co., Burbank, Calif. Final Rept. ,
1 Dec. 1962, iv., RADC TDR 62 171,
AD 416 328.

• . . a flexible full-duplex, compact unit

capable of conveying synchronous digital data
over telephone voice facilities of nomina 4 kc
bandwidth at a maximum of 5400 bits per
second. • . encodes either 2 or 3 channels of
information on each tone in order to minimize

the frequency spectrum bandwidth required for

high-speed data transmission . • . The modem
exhibits error rates of less than 1 x 10 to the

-6th power at 28 db signal-to-white noise . . •
Typical 2400 bits per second error rates are
in the neighborhood of 1 x 10 to the -6th power
at 15 db signal-to-noise ratios . . .

PERFORMANCE OF DIGITAL COMMUNICATIONS

SYSTEMS IN AN ARBITRARY FADING RATE
AND JAMMING ENVIRONMENTS

A.B. Glenn, et al•, Conf. l>roc. Natl. Conv.
Mil. Electronics, vol. 6, June 1962, p. 168/

173.

• . . differentially coherent phase shift

keyed (DPSK) . . . subject to statistically inde-
pendent Rayleigh fading with the same signal
spectral density as the desired signal plus an
undesired signal which is not fading ....

DATA TRANSMISSION INVESTIGATION

J•J. Tsimbidis, Motorola, Inc., Chicago, Ill.,
10 Dec. 1962, lv. incl. illus., tables,

Quaterlyreportno. 1, 11 Sept.-10 Dec• 1962,
(Rept• no• 5), AD 297 366.

• . . Quad-phase modem operating back-to-
back and through tandem channels of the AN/
TCC-7• Frequency translation and its effect

upon the various modems is discussed. Problems
involved in using the AN/VRC-12 radio set in
digital data transmission are discussed. The
new data generator and correlator are discussed
and a block diagram of the system is presented.

SIMPLIFIED PSK DATA TERMINAL

Litton Systems, Inc., Canoga Park, Calif.,
Final rept., June 1963, lv, AD 413 538,
N63-19791.

• • • using a differentially coherent phase-

shift keying modulation technique.., developed
to demonstrate the practicability of such a device

for Federal Aviation Agency air to ground data
transfer applications ....

ERROR RATE APPROXIMATIONS FOR DIF-
FERENTIAL PHASE SIIIFT KEYING

136

J.J. Bussgang, et al., Rec. Nat. Commun.
Symp., vol. 9, Oct• 1963, p. 75/86.
• . • analysis of the performance of a model

of the Differential Phase Shift Keying (DPSK)

system .... deriving the test statistic for
choosing between any two phases when an arbitrary
phase is transmitted .... The exact expression

for the probability of a binary digit error in a 4-
phase system is derived ....

HC-273 MODULATOR/DEMODULATOR FOR HF

RADIO LINKS
E• Enriquez, et al•, Rec• Nat. Commun• Syrup•,

vol• 9, Oct• 1963, p• 92/101.

• . . in spite of greatly favorable s/n ratio,

pulse smear . • . requires the use of relatively
long pulses • . • this implies low signaling rates
on a per-subchannel basis .... four-phase
modulation of the subcarrier provides the means

to attain higher than normal bit rates, since
twice the normal bit rate/channel is obtainable•

This approach is not new . • • Hughes has ex-
tensively investigated this problem area and as
a result has developed a data modulator/demodu-
lator equipment for ionospheric circuits designed

to satisfy the stated requirements of high
speed, high reliability, general applicability,
and reasonable cost ....

Related Publications:

ANALYSIS OF MULTIPLE TONE CLIPPING

C•J. Styers, IRE Intern. Cony• Rec•, vol. 8,
March 1961, p. 134/149•

• . . study of the consequences of clipping
in a multiple-tone system • • . Mathematical

expressions furnish the exact number of

jth order; intermodulation terms; including
the number of signal terms, in-phase noise

terms, and randomly-phased noise terms•

From these expressions is obtained a net
peak-signal to rms-noise voltage ratio as a
function of the clipping level• The effect of
clipping upon the binary error rate is in-

vestigated.

TIME-FREQUENCY DUALITY
P. Bello, IEEE Trans. Inform. Th., vol. IT-10,

no• 1, Jan. 1963, p• 18/33•

• . . The usefulness of time-frequency duality
stems from the fact that two situations which may

be quite distinct physically can have identical
behavior patterns except for an interchange of the

roles played by time and frequency .... Another
benefit to be obtained from time-frequency duality

is the generation of new ideas for communication
signal processing techniques. We illustrate this

type of benefit by constructing the dual of the
Kineplex communication system ....
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t. 344: Multi-phase Data Systems

Included: M-ary phase shift data systems; Nymph narrow band multiphase modulation; SECO

system of MIT; Phase quantization data transmission systems; Quantized phase modulation

(QFM).

Not Included: Quantizing circuits; Multi-variate deciders.

Cross References: Multilevel AM data systems (1. 325); Multi-frequency data systems (1.333);

Higher order data systems (1. 313); Quaternary phase-shift systems (1. 343); QFM system of

National Cash Register Co. (1. 344); Quantization theory (1. 551).

Principal Publications:

A DIGITAL DATA TRANSMISSION SYSTEM

USING PHASE MODULATION AND COR-

RE LA TION DE TE C TION

F.A. Losee, Nat. Aeron. and Navig. Elec-

tronics Conf., Dayton, Ohio, May 12-14,

1958, p. 88/93•

NOTATIONS FOR BALANCED POLYPHOSE

(POLYPHASE) SYSTEM AND THEIR

OPERATIONAL METHODS. I.

PROPOSITION ON NOTATIONS FOR

BALANCED POLYPHOSE (POLYPHASE)
SYSTEM

T. Takagi, et al., Rep. Res. Inst. Elect. Com-

mun., Tohoku Univ. (Japan), vol. ii, no. i,

1959, p. 45/54•

Considers the relation between spatial and

electrical phase angle in a balanced polyphase

system .... a general notation is developed

for dealing with these systems .... Opera-
tional methods• . .

NOTATIONS FOR BALANCED POLYPHASE

SYSTEM AND THEIR OPERATIONAL

METHODS. II. OPERATIONAL METHODS

BY NOTATIONS FOR BALANCED POLY-

PHASE SYSTEM

T. Takag,_', ot nl.. ReD. Res. Inst. Elect• Com-

mun., Tohoku Univ. (Japan), voI. I1,

no• 3-4, 1960, p• 155/177.

Multiplication, addition and subtraction of the

systems .... are derived by consideration of

the general term for the qth phase. The authors
conclude that the derived results constitute the

basic modulation and demodulation theory of

polyphase systems, and will be of use in con-

sidering polyphase communication systems•

AN ANALYSIS OF MULTI-PHASE RF MODU-

LATION FOR PCM TELEMETRY

F.H. Goodenough, Proc. Nat. Telemetering

Conf., May 1961, p. 14-61/14-82.

A LONG RANGE DIGITAL COMMUNICATIONS

SYSTEM

A.J. Strassman, et al. ,IRE Trans. Commun.

Syst.,vol. CS-9, no. 9, Dec. 1961, p.388/389.

• . . quantized phase-modulation (Q PM)

technique•

ON THE OPTIMUM DETECTION OF DIGITAL

SIGNALS IN THE PRESENCE OF WHITE

GAUSSIAN NOISE--A GEOMETRIC INTER-

PRETATION AND A STUDY OF THREE BASIC

DATA TRANSMISSION SYSTEMS

E. Arthurs, et al., IRE Trans. Commun• Syst.,

vol. CS-10, no. 4, Dec. 1962, p. 336/372•

• . . a geometric interpretation of the detec-

tion problem . . . used to derive the optimum

detector for each of three basic data transmis-

sion systems: m-level Phase Shift Keyed, m-

level Amplitude Shift Keyed and m-level Frequency

Shift Keyed ....

PHASE QUANTIZATION IN DETECTION OF

SIGNALS WITH NOISE BACKGROUND (In

Russian)

L. B. Cherniak, Radiotekhnika i Elektronika,

Aug. 1963, p. 1326/1333.)Radio Engineering

and Electronic Physics, Aug. 1963, p. 1285/

1291, 9 refs., Translation, A64-17670.

APPLICATION OF SEQUENTIAL DECODING

TO HIGH-RATE DATA COMMUNICATION

ON A TELEPHONE LINE (Correspondncce)

I. L. Lebow, et al., IEEE Trans. Inform. Th.,

vol. IT-9, no. 2, April 1963, p. 124/126.

• . . some preliminary experimental results

• . . the transmission medium is a toll-grade

nonswitehed, K-carrier telephone voice channel•

Virtually error-free communication of 6000-

9000 data bits per second has been achieved.
• . . The structure of the encoder-decoder

(referred to as SECO), as well as some experi-

mental results obtained with its use on a binary-

symmetric channel, have been reported pre-

viously ....

DIGITAL PULSE COMPRESSION USING POLY-

PHASE CODES (Correspondence)

E.S. Lurin, Proc. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1262/1263.

Digital pulse compression is implemented by

dividing the radar output waveform into finite

intervals and coding the RF phase of these
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intervalsindiscretesteps.Uponreception,the
signalis recombinedbyaprocesssimilarto
correlation.., provideslargepulsecompres-
sionratiosandhighflexibility. If digitalshift
provideslargepulsecompressionratiosand
highflexibility.If digitalshiftregistersand
logiccircuitsareusedtoinitiateanddecode
thevariouscodes,theadvantagesofperfect
digitalmemoriesandcrystalclockcontrol
makehighpulsecompressionratiosfeasible•
• . . Adigitalsystemis outline. . .
Related Publications:

GENERAL PRINCIPLES OF POLYPIIASE

VACUUM TUBE OSCILLATOR

T. Takagi, et al., Rep. Res. Inst. Elect•
Commun. , Tohoku Univ. (Japan), vol. 11,

no. 3-4, 1960, p. 179/201.

The theory . . . is extended to a general

consideration of the polyphase vacuum tube
oscillator .... it is shown that there is a

multiplicity of possible modes and correspond-

ing frequencies ....

ON TItE OPTIMUM PERFORMANCE OF N-ARY

SYSTEMS HAVING TWO DEGREES OF FREE-

DOM

R.W. Lucky, et al., IRE Trans. Commun.

Systems, vol. CS-10, no. 2, June 1962,

p. 185/192.

• . . the n possible symbols correspond to n

vectors in a 2 WT 0 dimensional signal space.
This paper considers the theoretical properties

of a class of digital systems were the signal

space is two-dimensional. Such systems are both

amplitude- and phase-modulated. Approximate

expressions are derived for the average proba-

bility of error for these systems as a function of

the placement of the n symbol vectors in the

two dimensional signal space ....

POLYPHASE CODES WITH GOOD NON-

PERIODIC CORRELATION PROPERTIES

R.L. Frank, IEEE Trans. Inform. Th., vol. IT-9,

no. 1, Jan. 1963, p. 43/45.

N-phase codes are described which have an
autocorrelation function with one main peak and

very small side peaks. With N phases an N long

pulse sequence is generated. Properties have
been verified for N up to 8 and a rule for main

peak-to-side-peak ratio is conjectured for

larger N. For N greater than 5, the ratio is

substantially better than the best ratios which

have been shown for binary bipolar codes. Dop-

pler shift effects appear to be similar to those of

linear FM radar pulse compression . • • A com-

parison of the performance of higher-order poly-

phase codes with similar length binary codes

indicates a superiority in the polyphase codes.

1. 345: Coded Phase Coherent Data Systems

Included: Code words for synchronization of coded data systems; Digilock data transmission system;

Duobinary techniques of Lenkurt Electric Co. ; Multilock data system of Robertshaw-Fulton Control

Co. ; Phase multilock system.

Not Included: Synchronization of data systems in general; Telemetry systems; Coding theory for

binary sequences (2).

Cross References: Binary sequences as digital waveforms (1. 314); Synchrolfization of PCM systems

(1. 523); Phase modulation for analog signals (1. 233).

Principal Publications:

A SIMULTANEOUS NON-INTERFERING SINGLE

CIIANNEL SERVe AND VOICE TRANSMISSION

SYSTEM

C.A. Crafts, et al., Prec. Nat. Syrup. Telem.,

no. 11.1, Sept. 1958, p. 1/6.

• . . in connection with the Phase Multilock

Communications System . . .

SPFCTllUM CONVI'RSION WITll PIIASE MUI/I'I-

LOCI< COMMUNICATION

M.D. MeFarlane, et al., In: I959 Conf. Prec.

Nat. Conv., Mil. Vlectronics.

DIGITAL TELEMETRY SYSTEM

R.W. Sanders, Nat. Symp. Space Electrotfics

Telemetry, no. 6.3, Sept. 1959, p. 1/10.

AN OPTIMUM SELF-SYNCIII/ONIZED SYSTEM

S. S. L. Chang, et al., New York U. Coil. of

Engineering, N.Y., 8 June 1960, AD 242 919.

Synchronous detection is often used as the
model for the modulation scheme of feedback

systems. Present effort considers the syn-

chronization problem then present. A self-syn-

chronized PSK system is discussed and analyzed

to show that when the siglml-to-noise ratio ex-

ceeds a few db synchronization is ahnost perfect.
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A specific modulation scheme is discussed and

analyzed to serve as a transmission scheme to
be used in feedback communication system. One

optimum scheme for transmission in the presence

of additive noise is binary PSK using a modified

equal-weight Reed Code and synchronous detec-

tion. This technique also permits the synchroniz-

ing carrier at the receiver to be generated from

the message signal itself, so that phase drifts

due to multipath and doppler can be automatically

and correctly compensated for.

DIGILOCK COMMUNICATION SYSTEM

R.W. Sanders, 1960 IRE Wescon Cony. Rec.,

part 5, p. 125/131.

'DIGILOCK' SYSTEM PASSES FIRST FLIGHT

TEST

A.H. Collins, Missiles Rockets, vol• 9,

no. 25, Dec. 1961, p. 29 +31.

• . . Employing only 0.25-watt transmitted

power, the first digilock system developed for

the Air Force Systems Command's Special

Weapons Center by Space-General Corp. was
flown Dec. 4 ....

ON CODED PHASE-COHERENT COMMUNICA-

TIONS

A.J. Viterbi, IRE Trans. Space Electronics

Telcmetry, vol. SET-7, no. 1, March

1961, p. 3/14, AD 243 735.

• . . this paper considers the result of en-

coding independent equiprobable binary words

or sequences of independent binary digits into
sets of binary code words. These are trans-

mitted over a channel perturbed by additive white

Gaussian noise and detected by correlating them

with their stored or locally generated replicas
at the receiver . . . It is shown that in the limit

as the code word length and the bandwidth ap-

proach infinity, the received information rate

approaches the channel capacity for only one
value of the above ratio•

ERROR RATES IN COHERENt t_OivIMUNICATION

SYSTEMS

A.V. Balakrishnan, et al., IRE Trans. Commun.

Syst., vol. CS-10, no. 1, March 1962, p. 86/
89.

In coherent PCM communication systems

where the noise is additive and Gaussian (such

as in space communication systems) two classes

of nonredundant coding are of special interest.

One is Regular Simplex Coding which yields the

lowest possible error rate for fixed SNR. The

other is Bi-orothogonal Coding because of its

many desirable features from the practical

point of view ....

OPTIMUM MESSAGE TRANSMISSION IN A

FINITE TIME

S. S. L. Chang, et al., IRE Trans. Inform. Th.,
(Intern. Synp. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. 215/224.
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The basic problem of transmitting information

through a noisy channel in a finite time with the
least error is considered. The transmitted

signals are either peak or average power limited,

and the interference is presumed to be additive

white gaussian noise. It is shown that the optimum

signals are sequences of binary waveforms re-

sembling a (2 m -i, m) Slepian group code, the

generators of which can be obtained from a modi-
fied Reed Code.

An analysis is also made of near-optimum

codes which allow some inequality in the distance

between code words in signal space. The ad-

vantage of these near-optimum codes is that for

a small sacrifice in error probability, either the

information rate can be substantially increased,

or the bandwidth of the system greatly reduced.

The details of these systems are given and the

results show that a many-fold improvement is

obtained ....

AN INTEGRATED "ERROR-FREE" COMMUNICA-

TION SYSTEM

J.C. Hansen, Philco Corp., Palo Alto, Calif.,

31 Dec. 1962, 17 p. incl. illus., Tech. note

no. WDL-TN62-13, AD 401 182.

• . . a system is proposed which combines the

functions of command, synchronization, range,
and range rate on one two-way radio link ....

employing comma-free words which have been

coded for error detection. The coding is such

that synchronization obtains the same high degree

of reliability as the information .... offers

relative ease of implementation common to the

class of cyclic codes.

DIGILOCK TELEMETRY SYSTEM FOR THE AIR

FORCE SPECIAL WEAPONS CENTER'S

BLUE SCOUT, JR.

R.M. Jaffe, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. i, March 1962,

p. 44/49.

SYNCIIRONIZATION OF TELEMETRY CODES

J.J. Stiffler, IRE Trans. Space Electronics

Telemetry. ,nl. SET-8, no. 2, June 1962,

p° 112/117.

A well-known means of efficiently transmitting
information over the continuous white Gaussian

channel involves the encoding of successive blocks

of data into sequences of binary digits (called code

words). Efficient decoding of these sequences in

turn necessitates a knowledge of the instants in
time at which one code word ends and the succeed-

ing word begins.

This paper presents a method for obtaining this

synchronization which neither decreases the

channel capacity nor increases the complexity

of the encoding equipment ....

SYNCHRONIZATION METtIODS FOR BLOCK

CODES

J.J. Stiffler, IRE Trans. Inform. Th., (In-

tern. Syrup. Brussels 1962), vol. IT-8,
no. 5, Sept. 1962, p. 25/34.
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Efficient use of block codes to communicate

over a telemetry channel is dependent upon the

knowledge of the instants, in time, that one code

word ends and the succeeding waveform begins.

This word synchronization is the subject of con-

cern in this paper. Two . . . techniques . . .

The first relies upon the identification of

periodically transmitted prefixes, which un-

avoidably increase the redundancy . . . The

second .... eliminates the need for prefixes

entirelj: : :_ relies instead upon certain proper-

ties of the code itself. Both these techniques

are investigated more closely as applied to

binary orthogonal codes.

MULTILOCK HIGH SPEED DATA MODEL--

MODEL 6005. (Final Engineering Report.)

Robertshaw-Fulton Controls Co• , Aeronautical

and Instrument Div. , Anaheim, Calif. ,

March 1, 1963, 47 p., 4 refs., (Rept• 909-

026-019), N63-16493.

• . . adapted for operation witha ground-air-

ground digital communications link• The modems

employ phase-shift modulation techniques with

synchronized data rates up to 1200 bits per second•

• . • Errorrates of less than I in 105 bits were

recorded for line signal-to-noise ratios of 15 db

or greater. Error-free data transmission was

achieved in the absence of noise over a dynamic

range of 50 db on the demonstration input•

BINARFOLGEN LINEAR RUCKGEKOPPELTER

SCHIEBEREGISTER, ERZEUGUNG,
EIGENSCHAFTEN UND ANWENDUNGS-

BIESPIELE (Binary Effects of Coupled

Linear Feedback Shift - Register, Genera-

tion, Characteristics and Examples of

Application)

II.H. Leibclt, Deutsche Versuchsanstait fur Luft-

und Raumfahrt, Oberpfaffcnhofen, (W. Germany),

Inst. fur Flugiunk und Mikrowellen, Nov. 1963

89 p. refs. In GERMAN Available from

Vereinigte Universitats-u, Fachbuchhandlungen,

R. Wagner Str. i, Cologne, W. Germany, (DVL-
307), N64-15032.

The characteristics of the binary effects gen-

erated by a coupled-feedback linear shift register

are discussed• Emphasis is placed on investiga-

tions of period length, the correlation function,

and the number of effects with maximum-period

length.

FASTER DIGITAL COMMUNICATIONS WITH

DUOBINARY TECHNIQUES

A. Lender, Electronics, vol. 36, March 22,

1963, p. 61-65, A63-14097

Description of a duobinary technique for in-

creasing the transmission rates of data systems

over band-limited channels. The technique per-

mits doubling the number of times per second

one binary state can be switched to the other

while preserving the binary form of the original

siglml. By compressing the bandwidth of a train

binary digits by a factor of two, the duobinary
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coding allows a given data channel to accommo--

date twice as many duobinary digits as binary

digits. The basic system, the wave shape, and

the eye patterns are described.

THE DUOBINARY TECHNIQUE FOR HIGH-

SPEED DATA TRANSMISSION

A. Lender, IEEE Trans. Commun. Electronics,

vol. CS, no. 66, May 1963, p. 214/218.

TItE SYNTHESIS OF NONLINEAR FEEDBACK

SttlFT REGISTERS

K.B. Magleby, Stanford Electronics Labs.,

Stanford U., Calif., Oct. 1963, 89 p.,

Rept. no. 63 118, TR 6207 1, AD428 081.

• . . The cycles and output sequences of a

simple, circulating shift register are used to syn-

thesize an arbitrary feedback shift register•

TRANSMISSION OF TELEMETRY DATA BY

MEANS OF GROUP CODES

E.V. Mitriaev, (Radiotekhnika i Elektronika,

vol. 8, June 1963, p. 923/929.) In Russian,

Radio Engineering and Electronic Physics,

vol. 8, June 1963, p. 935/940. Translation,

A64-17556.

Discussion of a method of optimum representa-

tion of digital data by group code combinations.
The method is stated to minimize the mean risk

with the power of the loss function s > 1 and with

uniform probability distribution. Statement of the

problem, properties of the gToup code combination-

transformation matrix, the best permutation and

its properties, and an example of optimum cor-
relation are considered ....

REFLECTIVE MULTIPATtt EFFECTS ON BINARY
PSK TRANSMISSIONS

V.F. Volertas, Rec. Nat. Commun. Symp.,

vol. 9, Oct. 1963, p. 343/349.

The effects of reflective multipaths on pseudo-

random, binary PSK transmissions with quadra-

Pare detection are investigated. The paper con-

siders reflective multipaths with long delays and

reflective multipaths with delays shorter than a

keying clement duration ....

ON THE APPLICATION OF SOME DIGITAL

SEQUENCES TO COMMUNICATION

J.K. Wolf, IEEE Trans. Commun. Syst.,

vol. CS-I1, no. 4, Dec. 1963, p. 422/

427.

The effects of filtering a random binary

sequence with certain finite memory linear and
nonlinear filters are considered. Of interest

arc the statistical properties of the filtered

sequence such as the power spectral density and
amplitude distribution function, as well as

methods for recovering the original sequence.

Applications of these techniques to communi-

cation systems are discussed ....
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Related Publications:

A METHOD OF OBTAINING ARBITRARY PHASES

OF AN M-SEQU ENCE

R.C. Curry, Rochester U., N.Y., Nov. 1960,

44 p., AD 248 455.

• . . If an m-sequence is generated by an

N-stage shift register which has been modified

by the addition of logical feedback, a sequence

delayed by up to a maximum of ( (2 to the

power N)--I) digits can be obtained by adding

modulo 2 the outputs of various stages of the

shift-register generator. A method is given

for determining from which stages the outputs

should be added to obtain any specified delay

• . . Also described is the network of modulo

2 adders which are used to obtain the delayed

sequence. A program is given in the appendix

for generating the phase-table with a digital

computer (IBM 650).

line equalization, and anti-impulse noise tech-

niques. The theoretically optimum encoding-

decoding systems based on performance are multi-

level differentially coherent PSK (phase shift

keyed).

III. THE MARINER PLANETARY COMMUNICA-

TION SYSTEM DESIGN

B.D. Martin, Proc. Natl. Telemetring Conf.,

vol. 2, no. 8-3, 1962.

. . . will be used on the first Mariner space-

craft, a Venus probe, to be launched during the

summer of this year. While the basic deisg_

philosophy and implementation techniques remain

essentially the same, the major system difference

between that reported here and that used in the

Mariner is the deletion of the S-band transponder

system ....

EXPERIMENTAL AUTOCORRELATION OF
BINARY CODES

D.F. DeLong, MIT Lincoln Laboratory,
Oct. 1960.

MAXIMUM-WEIGHT GROUP CODES FOR THE
BALANCED M-ARY CHANNEL

C. W• Helstrom, IRE Trans. Inform. Th.,

vol. IT-6, no. 5, Dec. 1960, p. 550/555.

AN OPTIMIZATION PROCEDURE FOR A SINGLE-

LINK UNI-DIRECTIONAL DIGITAL COM-

MUNICATION SYSTEM IN THE PRESENCE

OF ADDITIVE GAUSSIAN NOISE AND FOR

DETECTION INDEPENDENT OF FADING

L. Kurz, New York U. Coll. of Engineering,

N. Y., 15 Sept. 1960, 51 p. (Scientific

rept. 3), (AFCRL TN 60-1101), AD 250 210.

CODING THEORY AND ITS APPLICATIONS TO

COMMUNICATIONS SYSTEMS

L. Banmert, et al., Jet Propulsion Lab.,

CIT, Pasadena, Calif., 31 March 1961,

84 p• (Tech. rept. 32-67), AD 257 752.
A general theory of binary sequences with

desirable correlation properties is developed

for application to the desigaa of digital com-

munication systems.

DATA LINE TECHNIQUES

Armour Research Foundation, Chicago, Ill.,

1 April 1961, 458 p., 62 refs., AD 263 144.

• . . a review of pertinent theoretical

material and a survey of wire line digital com-

munication techniques to support suggestions for

improving channel utilization• Increased utiliza-

tion dictates the use of longer code elements in

terms of time-bandwidth units, extensive terminal

141

COMMAND TECHNIQUES FOR THE REMOTE
CONTROL OF INTERPLANETARY SPACE-

CRAFT

J.C. Springett, Proc. Natl. Telemetering Conf.,

vol. 2, no. 8-4, May 1962.

• . . The design and operation of an inter-

planetary spacecraft command system is in-

fluenced by many factors, some of which are

unique to deep space• Of prime importance is

the need for high accuracy and reliable per-

formance .... emphasis will be given mainly
to command modulation, detection, and de-

coding techniques ....

AN INTERESTING DECOMPOSITION PROPERTY

FOR THE SELF-PRODUCTS OF RANDOM

OR PSEUDORANDOM BINARY SEQUENCES

(Correspondence)

VJ.J. Gill. IF, EE Trans. Commun. Syst., CS-11,
no. 2, June 1963, p. 246/247.

QUASI-RANDOM CODE GENERATOR AND ERROR

DETECTOR

P. McNelis, Conf. Proc. Nat. Conv. Mil.

Electronics, vol. 7, Sept. 1963, p. 158/160.

Republic Aviation Corporation has developed

a 100-megacyle digital data transmission (DDT)

system• The system performs real-time multi-

plexing and the transmitting of pulse code-

modulated (PCM) information at a nominal serial

bit rate of 20 megabits per second .... The

quasi-random code generator and error detector

• . . was desigaaed as a simulator and a test

device for operation in conjunction with the r-f

link of the digital data transmission system ....

provides a serial pulse pattern simulating a PCM
information source ....
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Section 1.37

Special Receiving Problems In Digital Communications

Because of their special importance in space communications, it is desirable to single out two subdivisions
on data transmission receiving problems: The matched filter signal extractor and the correlation receiver.

References to these two problem areas are presented in this _)olume. Otherwise, it was necessary to exclude

receiving problems, discussions of circuitry and equipment and detection theory from this volume because of

space limitations• Detection and decision theory has a special division in volume two• The other subjects
are not to be included in this series of bibliographies•

1. 372: Matched Filter Extractors

Included: Bayes' matched filters; Dispersive filter desig_a; Stripline all-pass networks; Microwave

rf pulse compression filters; Digital matched filters; Smearing-desmearing techniques with matched
filters; Tripulse as matched filter response to a dipulse.

Not Included: Matched filter desig_a theory; Matched filter synthesis; Radar signal processing;

Digital filters in general (3A); Anti-multipath receiving systems (2); RAKE detection system (2);
Spatial filtering (2).

Cross References: Spread spectrum waveforms (1. 316); Special sets of orthogonal waveforms

(1. 315); Wide band communication systems (1• 920); Correlation receivers in data links (1. 373);
Chirp-type of waveforms (1• 316).

Principal Publications:

PULSE COMPRESSION FILTER DESIGN

C• E• Cook, et al•, Sperry Gyroscope Co.,

Great Neck, N. Y., Report No. 1, June 1959,

Report No. EB5287-0014-1, AD 217 887.

IMPULSING OF LINEAR NETWORKS IN INTE-
GIb\TED DATA SYSTEMS

G. K. McAuliffe, IRE Trans. Commun. Syst.,

vol. CS-7, no• 3, Sept. 1959, p. 189/194.

Waveforms useful in data transmission may

be obtained by impulsing suitable linear networks,

and these same networks may be used, in certain

cases, as receiving matched filters. A filter

design for certain low-pass wave forms is

described, together with a procedure for

realizing band-pass analogs of these low-pass

waveforms ....

A MATCHED FILTER DETECTION SYSTEM

FOR COMPLICATED DOPPLER SIIIFTED
SI G NA I_S

R. M. Lerner, IRE Trans. Inform. Th., vol.

IT-6, no. 3, June 1960, p. 373/385.

DESIGN AND ANALYSIS OF CIRCUITRY FOR
A MATCHED FILTER SYSTEM

W. A• Petersen, Lincoln Lab., Mass. Inst. of

Tech•, Lexing'ton, 24 August 1960, 30 p. incl.
illus., Rept. no• 25G-0001, AD 244 771.

• . . The circuit requirements of a Matched

Filter System are discussed. The filters are 600

_tsec, 100-tap, acoustical delay lines, llcrein

presented is a general description of the system,

its requirements, and the design considerations

and detailed analysis of the transistorized circuits

devised to meet these requirements.

AN INTRODUCTION TO MATCItED FILTERS

G. L. Turin, IRE Trans. Inform. Th., vol.

IT-6, no. 3, June 1960, p. 311/329.

. . . In a tutorial exposition, the following

topics are discussed: definition of a matched

filter; where matched filters arise; properties

of matched filters; matched-filter systhesis and

signal specification; some forms of matched

filters.

ON THE POTENTIAL ADVANTAGE OF A

"SMEARING, DE-SMEARING" FILTER

TECHNIQUE IN OVERCOMING IMPULSE
NOISE PROBLEMS IN DATA SYSTEMS

R. A. Wainwright, Proc. Nat. Commun. Syrup.,

vol. 6, Oct. 1960, p. 223/241.

OPTIMUM APPROXIMATION TO A MATCHED

FILTER RESPONSE (Correspondence)

IRE Trans. Inform. Th., vol. IT-6, no. 3, June

1960, p. 409/410.

RADIATION INCORPORATED SIGNALING

SYSTEM STUDY

D. D. Baxter, Radiation Inc., Orlando, Fla.,

Special rept., i June 1961-31 May 1962, 31

May 1962, 98 p. incl. illus., 48 refs.,
AD 283 320.

• . . the concept of the matched filter is dis-

cussed and applied as the optimum detector for

the signals in question.

SYNTtIESIS OF SIGNAL GENERATORS AND

MATCItED FILTERS

N. DeClaris, et al., Proc. Nat. Electronics

Conf., vol. 17, Oct. 1961, p. 111.
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THELINKCONNECTIONASANADAPTIVE
MATCHEDFILTER

N.A. Liskov,CornellU.SchoolofElectrical
Engineering,Ithaca,N.Y., 30Aug.1961,42
p., 4refs., Technicalrept.no.66;Research
rept.no.EE509,AD270847.
• . . Linkamplifierwithvariabletrans-

conductancesbetweenits gridandplatedelay
lines,canbeusedasanadaptivematched
filter. Ontheassumptionthattheunknowninput
signalis fixedandrepeatseveryTsecondsfora
numberofcycles,it is shownthattheoptimum
adjustmentprocedureis to seteachtranscon-
ductanceequaltotheaverageofthecorresponding
inputsampleofsignalplusnoise.Severaltypes
ofaveragersarediscussedandtheRCaverager
is chosenasthemostdesirable.Anelectronically
controlled,linear,variable-gainamplifierand
severalsamplingsystemsaresuggestedforthe
actualinstrumentationoftheadaptivematched
filter.
SOMERESULTSONNEWCLASSESOF

MATCHEDFILTERS
D. Middieton,RandCorp.,SantaMonica,Calif.,

12July1961,34p.,Rept.no.RM-2625,
AD261027.

MATCHEDFILTERSIN COMMUNICATIONAND
LOCATIONSYSTEMS

G.E.Sample,TexasInstrumentsApparatus
DivisionProgressReportSP4-A61,Feb.
1961.

MATCHEDFILTERSANDINTERSYMBOL
INTERFERENCE

D. W.Tufts,CruftLab.,HarvardU.,
Cambridge,Mass.,20July1961,19p.,
Technicalrept.no.345,AD263882.

ONTHEPOTENTIALADVANTAGEOFA
SMEARING-DESMEARINGFILTERTECH-
NIQUEIN OVERCOMINGIMPULSE-NOISE
PROBLEMSIN DATASYSTEMS

R. A.Wainwright,IRETrans.Commun.Syst•,
vol.CS9, no.9. r}_e.1961,p. 362/366.

THEINFLUENCEOFFADINGSPECTRUM
ONTHEBINARYERRORPROBABILITIES
OFINCOHERENTANDDIFFERENTIALLY
COHERENTMATCHEDFILTERRECEIVERS

P. A.Bello,etal., IRETrans.Commun.Syst.,
vol.CS-10,no.2, June1962,p. 160/168.
• . . derivesgeneralexpressionsforthebinary

errorprobabilitiesofincoherentanddifferentially
coherentmatchedfilter receiversemployingpost-
detectiondiversitycombining.Intheanalysisit
isassumedthatthetransmittedsignalsoccupy
abandwidthmuchsmallerthanthecoherence
bandwidthofthemediumsothat"flat" fadingmay
beassumed....

BAYES'OPTIMUMFILTERSDERIVEDUSING
WIENERCANONICALFORMS

D. B. Brick,etal., IRETrans.Inform.Th.,
Intern•Syrup.Brussels1962,vol.IT-8,no.5,
Sept.1962,p. $35/46.
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• . . manyformsofpreviouslysynthesized
Bayes'structures.... havebeenvalidpri-
marilyforprocessesobeyingGaussianorother
specialstatisticsand/orforthelimitingcases
ofsmallor largesignal-to-noiseratios. In
manycases,theyhaveinvolvedtheuseofso-
calledBayes'matchedfiltersfollowedbyzero-
memoryquadratic(ornon-linear)andfinite-
memorylinearoperations....
STUDYOFMICROWAVER-FPULSE

COMPRESSION
J.G.Ferguson,etal., LockheedElectronics

Co.,Plainfield,N.J., Finaltechnicalrept.,
25Sept.1962,25Sept.1963,115p•, AD421
982.

In studyingthefeasibilityofusingstripline
all-passnetworkstoprovideawidebanddis-
persivenetworkfor useinpulse-compression
radar,workwasconcentratedonbandwidthsof
400megacyclescenteredat3gigacycles.The
dispersivefilterdesigr_wasbasedonasynthesis
techniqueusinglumpedconstantall-passnetworks.

A NEWDIGITALMATCHEDFILTER
COMMUNICATIONTECHNIQUE

G.E•Goode,Conf.Proc.Natl.Cony.Mil.
Electronics,vol.6, June1962,p. 371.

AbstractOnly....

SIMULTANEOUSDETECTIONOFTWOSIGNALS
WITHADAPTIVEMATCHEDFILTERS

C•C. Tappert,CornellU., SchoolofElectrical
Engineering,Ithaca,N.Y., 1May1962,35p.,
Researchrept•no.EE531;Technicalrept.no.
71,AD419502.

• . . anadaptivematchedfilter systemcan
separateandindividuallydetectthepresenceof
twounknowninputsignals(ofacertainrestrictive
classofsignals)thatoccursimultaneously.The
matchedfiltersofthissystemarelinkamplifier
structureswithvariableactiveparameters•
MATCHEDFILTERIN_ANDPULSE

COMPRESSION
M.Bernfeld,etal., SperryEngineeringReview,

vol. 16,Spring1963,p. 44/53,24refs.,
A63-17586.
. . . compressionofa long-durationsignal

intoanarrowpulse,basedonlargetime-band-
widthsignalcoding.... variousaspectsofthe
searchforthetheoreticaloptimumpredetection
filterareconsidered.... linearFMpulse-
compressionfilter . . . dispersivetimedelay
andrangesidelobereduction•Brieflyoutlined
is thepaired-echotechniqueofdistortionanalysis
whichhasbeenusedextensivelytostudythe
effectsofnetworkandmodulationdistortionon
pulse-compressionsignals.
DIGITALFILTERSANDAPPLICATIONSTO

SEISMICDETECTIONANDDISCRIMINATION
J. F. Claerbout,Mass.Inst.ofTech.,Cambridge,

Feb.1963,89p., AFCRL63604,AD404851.
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Themathematicsoffilteringindiscretetime
arepresented•Filtersaredefinedforthepur-
posesof(1)condensingwaveformsintoimpulsive
functions,(2)waveshaping,(3)noisesuppression,
(4)signaldetectionaccordingtothecriterionof
maximumsignal-to-noiseoutputataninstant,
and(5)thesameoveraninterval.Thebehavior
ofthecomplexFouriertransformsofsomeof
thesefiltersisconsideredandconnectionis made
withthetheoryoforthogonalpolynomials.
ONTHEUSEOFCOMPLEXFILTERS
R. B• Crane,InstituteofScienceandTech•,

U•ofMichigan,AnnArbor,March1963,54
p•, Rept•no•2900-368-T,AD299787.

ELECTRONTUBERESEARCtt
N. De.Claris,etal., CornellU., Schoolof

ElectricalEngineering,Ithaca,N.Y•, Progress
rept.no•4, Nov.1963,73p., AD434849.

Thedesigmofamatchedfilter andcoded-pulse
generatorhavingimpulseresponseswhichconsist
ofacarrierfrequencymultipliedbythecorres-
pondinglow-passimpulseresponseispresented•

A SIMPLEDERIVATIONOFTHEMATCHED
FILTERCONCEPT(Correspondence)

N•C.Hekimian,Proc.IEEE•,vol•51,no•2,
Feb•1963,p•373/374•

• . . is intendedtoprovideanintuition-
satisfyinggraspofasubjectthatusuallyis
treatedinpurelymathematicalterms• Theuse
ofphasorcollineationinthisderivationisnot
new,butisbelievedthattheuseof ratio-square
combining is.

A LINEAR FM 1000:l PULSE COMPRESSION

SYSTEM

R. W. Jacobus, MITRE Corp., Bedford, Mass.,

July 1963, 21p., TM3529, ESD TDR63 237,

AD 411 537.

° ° . synthesized as a linear time-invariant

filter . . . The transmitted waveform is roughly

rectangular in shape, has a bandwidth of 1 mc,

and has a duration of one millisecond; the output

of the matched-filter receiver is consequently

(sin x)/x in shape (before side-lobe reduction) and

has a duration of about two microseconds from

null to null . . .

USE OF RECIRCULATORS FOR COM-

PRESSION OF FREQUENCY-MODUL&TED
PULSES

V. V• Lebedev, Joint Publieations Research

Service, Washington, D. C., 13 Jan. 1964,

14 p., refs., Transl. into English of an

article from Radiotekhnika (Moscow), vol.

18, no. 11, Nov. 1963, p. 62/70, JPRS-

22706; OTS-64-21270, N64-13088.

• . . utilizing multiple circulators of an FM

(frequency modulation) signal in a delay line

with feedback with the goal of isolating the

sig_ml noise . . . frequency demodulation of the
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input signal . . . compression of a frequency

modulated pulse . . . the isolation of an FM

signal in noise by utilization of a recirculator.

MATCHED FILTER APPROXIMATION ERRORS

(Correspondence)
M. J• Levin, IEEE Trans. Commun. Syst•,

vol. CS-11, no. 2, June 1963, p. 254.

. . . a simple, easily visualized expression

for the deterioration in output signal-to-noise

ratio caused by approximation errors in a

matched filter (or correlation) detector ....

STRETCHING PULSES WITH THE LINK

STRUCTURE

D. Mitchell, Cornell U., School of Electrical

Engineering, Ithaca, N.Y., Jan. 1964, 53 p.,

Rept. no• TR 78, AD 432 967.

A theoretical and experimental study of a

pulse-stretching network using the link structure

is presented. The Bessel filter has a good low-

pass approximation to the ideal transmission line

for use in the link structure .... used in taking

photographs of a 5-ns input pulse and the resulting

output pulse . . .

ON THE APPLICATION OF SOME DIGITAL

SEQUENCES TO COMMUNICATION

J. K. Wolf, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 422/427.

The effects of filtering a random binary

sequence with certain fi_tite memory linear
and nonlinear filters are considered. Of

interest are the statistical properties of the

filtered sequence such as the power spectral

density and amplitude distribution funetion, as

well as methods for recovering the original

sequence. Applications of these techniques to

communication systems are discussed ....

A LINEAR-FM RADAR PULSE COMPRESSION

SYSTEM EMPLOYING THICKNESS-TAPERED

DISPERSIVE DELAY LINES

R. C. Yost, Lincoln, Lab., Mass. Inst. of Tech.,

Lexington, 11 July 1963, 20 p., Technical

rept. no. 321, ESD TDR63 551, AS 417 528.

• . . Ultrasonic dispersive delay lines that are

thickness-tapered to provide a linear group time

delay characteristic over a frequency band of 2

mc are used as the signal expansion and compression

devices. For the poorest case, the time sidelobes

in the receiver output waveforms are shown to be

35 db below the peak response.

Related Publications:

PULSE Tl_\NSMISSION STUDY

tI. Fiege-Kollmann, Westinghouse Electric Corp.,

Baltimore, Md., Oct. 1959, Technical note

no. 1, rept. no. RADC TN-58-359, AD 206 043.

• . . Two generating methods . . . (1) Modula-

tion technique . . . (2) Mutations technique with

excitation of band-pass filters (matched to the

desired waveform, ° . .
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GAUSSIAN-RESPONSEFILTERDESIGN
M. Dishal,Elect•Commun°,vol.36,no.1,

1959,p. 3/26.

Filtershavingagaussianresponseshapeare
usefulinpulsesystemsbecauseofthesmall
under-andovershootsorringingtheyproduce
followingrapidsignalchanges.Thispapergives
aresumeofthemagnitude,phase,impulse
response,stepresponse,andeffectivethermal
noisebandwidthofperfectgaussianfilters. A
physicallyrealizableapproximationtothemagni-
tudecharacteristicis thengiven.Thecomplex
frequencyrootsofthisapproximation(uptothe
9thorder)aresupplied.... designstagger-
tunedsystems,losslessanduniformlylossy
filtersresistivelyloadedononeendonly,and••
resistivelyloadedonbothends• . • 7tables
• . . example • . •

A HIGHLY VERSATILE CORRECTOR OF DIS-

TORTION AND IMPULSE NOISE

E. D. Gibson, Proc• Nat. Electronics Conf•,

vol. 17, Oct. 1961, p. 543.

• . . utilizes a "scrambler" (or predistorter)

• . . called the ISIC (Inter-Symbol Interference

Corrector) and a fixed, "smear" filter. The
deserambler consists of another ISIC and a

"desmear" filter.

THEORY AND APPLICATIONS OF CORRELA-

TION TECHNIQUES

P. H. Haas, Air Force Inst. of Tech., Wright-
Patterson Air Force Base, Ohio, Master's

thesis, Aug. 1961, 68 p., 13 refs., Rept.
no. GE/EE/61-6, AD 270 272.

A survey.., as applicable to the statistical

analysis of communication is presented.

Corresponding frequency domain relations in

terms of the power-density spectrum are also
developed.

IMPROVED DELAY LINE TECHNIQUES

,_ W. Tehon, et al., General Electric Co.,

Syracuse, N. Y., Final rept., oan. :561,

110 p., RADC TR 61-57, AD 254 700.

• . . materials for ultrasonic delay lines and

of wire-type lines with dispersive characteristics

suitable for use in pulse compression systems
• • •

EXPERIMENTS IN THE IMPROVEMENT OF

THE IMPULSE RESPONSE OF TELEPHONE

CIRCUITS

H. L. Yudkin, Lincoln Lab., Mass. Inst of

Tech., Lexington, 27 Nov. 1961, 6 p., Rept.
No. 25G-4, AD 269 557.

• ° ° high-pass filtering . . . perfect phase

equalization (matched filtering) . . . It is also

shown that matched filtering results in a more

desirable pulse than is obtained by the combina-

tion of both matched and high-pass filtering.

ANALYSIS OF MATCHED-FILTER RADAR

MULTIPATH RETURNS AT 435 MC
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J. M. Goodman, Naval Research Lab.,

Washington, D. C°, Interim rept., 17 April

1962, 21 p. incl. illus., tables, 5 refs.,
NRL rept. no. 5657, AD 275 296.

INFORMATION TRANSFER EFFICIENCY OF

WIDEBAND COMMUNICATIONS SYSTEMS.

PART I. INFORMATION EFFICIENCY OF
BINARY COMMUNICATION SYSTEMS

J. C. Hancock, et al., Purdue U., School of

Electrical Engineering, Lafayette, Inc.,

Tech. rept. on Improved Information Trans-

fer Efficiency of Wideband Systems, 121 p.,

July 1962, incl. illus., tables, 18 refs.,
ASD TDR 62-611, pt. 1, AD 284 450.

An . . . analysis is given for a group of

matched filter systems which includes both

coherent and non-coherent matched filter detec-

tion of amplitude and frequency shift keyed
signals.

MULTIPATH AND SCATTERED COMMUNICA-

TION TECHNIQUES

D. P. Harris, Lockheed Aircraft Corp.,

Sunnyvale, Calif., Tech. rept. on Flight

Sciences, May 1962, 10 p. incl. illus., 16

refs., rept. no. 6-90-62-42, AD 275 343.

. . . The limiting bounds imposed on the per-
formance of adaptive matched-filter receiver

techniques by channel-sounding errors are evalu-

ated for a wide range of behavior in practical

multipath-channel models ....

SPATIAL FILTERING

W. D. Montgomery, et al., General Dynamics/

Astronautics, San Diego, Calif., 1962, 34 p.,
illus., 8 refs., AD 282 766.

• . . of two-dimensional pictorial data as an

extension of one-dimentional filter theory is

applied to the problem of enhancing the detection

of localized objects which are superimposed

upon a noisy background. Four types of filters

are derived. These are the Linear, Quadratic,

Genera! Statistical nnd Decision filters. Each

filter is of the matched type, the different designs

being associated with various degrees of knowledge

about the noise statistics. A computer simulation

of the linear and general statistical filters was

done and examples are shown.

SIGNAL FIDELITY IN RADAR PROCESSING

W. A. Penn, IRE Trans. Mil. Electronics, vol.

MIL-6, no. 2, April 1962, p. 204/218.

• . . In this paper the loss of information

caused by signal interference in correlation or

matched filter techniques is evaluated in an

approximate manner. This is related to the

invariance of the total integral of the Woodward

ambiguity function ....

ON THE STATISTICAL DETECTION PROBLEM

FOR MULTIPLE SIGNALS

J. B. Thomas, et al., IRE Trans. hfform. Th.,

vol. IT-8, no. 4, July 1962, p. 274/280.
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• . . A multidimensionalmatchedfilter is
consideredandits relationshiptothelikelihood
ratiosareshown....
DESIGNOFINPUTWAVEFORMSTOYIELD

TIME-LIMITEDORTHOGONALOUTPUTS
J• B. Campbell,etal., NortheasternU.,

Boston,Mass.,March1963,59p., 7refs.,
AFCRL-62-907,N63-19808.

• . . Restraintsimposedonbothinputand
outputsetsarethatthefunctionsbereal-valued,
offiniteenergyandtime-limited.It is shown
thattheproposedsolutioninvolvesfindingaset
ofreal-valued,finite-energypulses(Pk(t))which
are"sufficientlydifferentiable"fortherational
systemfunctionandwhichhavethepropertythat

theset(N(B)Pk(t)) isorthogonal,N(B)beingthe
polynomialofdifferentiationequivalenttothe
polynomialN(s)....

ROTATIONALTRANSFORMATIONOFSIGNALS
G.R. Lang,IEEETrans.Inform.Th.,vol.

IT-9,no.3, July1963,p. 191/198.

• . . Themethod,anearrelativeofthe
smearingtechniqueswhichhavebeensuggested
recentlyforcontinuoussystems,providesanew
andinterestingviewofmanyacceptedcoding
systemsandtheirrelativeproperties.... The
behaviorofcertainnonorthogonaltransformations
is alsodiscussedincontrasttothepurelyrota-
tionaltransformations•

1.373: Correlation Receivers for Data Transmission Links

Included: Clipper cross correlator.

Not Included: General radio receiver problems; Theory of correlation detection (2).

Cross References: Spread spectrum waveforms (1. 316); Digital sequences as data waveforms

(1. 314); Correlation processes in sigmal theory (1. 114).

Principal Publications:

CORRELATION DETECTION OF SIGNALS

PERTURBED BY A RANDOM CttANNEL

T. Kailath, IRE Trans. Inform. Th., vol. IT-6,

no. 3, June 1960, p. 361/366.

OUTPUT SIGNAL-TO-NOISE CItARACTER-

ISTICS OF CORRELATORS

B.R. Mayo, et al., Conf. Proc. Natl. Cony.

Mil. Electronics, vol. 4, June 1960,

p. 70/74.

This paper presents a detailed analysis of

the output signal-to-noise ratio for a correlator

consisting of a multiplier followed by an RC
averager. Both the signal and the noise are

assumed to be band-limited functions with

Gaussian amplitude distribution; but no re-

strictions are imposed on either the input

signal-to-noise ratio or the product of the band-

width and the time constant of the averager. A

family of curves are plotted relating output and

input sigmal-to-noise ratios for values of RC

A f ranging from 0.1 to i00 ....

TIIEORY AND APPLICATIONS OF CORRE-

LATION TECHNIQUES

P. tI. itaas, Air Force Inst. of Tech. , Wright-

Patterson Air Force Base, Ohio, Aug. 1961,

68 p., (Rept. no. GE/EE/61-6), AD 270 272.

Master's thesis . . . A survey . . . as ap-

plicable to the statistical analysis of communi-

cation is presented . . . Corresponding frequency

domain relations in terms of the power-density

spectrum arc also developed.
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IMPULSE RESPONSE OF LINEAR SYSTEMS

USING CORRELATION AND DIRECT

MEASUREMENT

B.E. Bcrson, Rochester U., N.Y., Aug. 1962,

58 p. incl. illus. 17 refs., AD 281 770.

If a pseudo-random noise sequence is used

as the input to a linear system, then by suitably

correlating the output of the system and a de-

layed version of the input, the impulse response
of the system can be obtained. The effect of the

finite size of the sequence auto-correlation

function upon the expected results is analyticaly

determined .... a simple method of obtaining
a delayed sequence . . . Measurements . . .

on low pass rc filters . . . A polarity-
coincidence correlator was used . . .

KORRE LATIONSELEKTRONIK, GRUNDLAGEN
UND ANWENDUNG DER KORRELATIONS -

ANALYSE IN DER MODERNEN NACH-

RICHTEN-, MeB- UND REGELUNGSTECtI-

NIK; (2 Aufl. ) (Correlation Electronics,

Fundamentals and Application of Correlation

Analysis in Modern Communications and

Control Technique. Second edition) (In

German)

F.H. Lange, Berlin, Verlag Technik, 1962,

381 p.

ON CERTAIN STRATEGIES OF SIGNAL DE-

TECTION USING CLIPPER CROSSCORRE-

LATION (SINGLE SIGNAL SIZE)

G.P. Patil, et al, Office of Research Admin-

istration, U. of Michigan, Ann Arbor, Oct.

1962, 37p., incl. illus, tables, 6 refs.

(Technical rept. no. 128; Rept. no. 3674-1-T),
AD 288 028.
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• . . signaldetection. . . usingclipper
crosscorrelator. . . Strategiesaredeveloped
• . . Foursuchstrategiesaresuggestedwhich
ariseinaverynaturalway,andtheirinter-
relationsarestudied.Efficiencyoftheclipper
crosscorrelatorin relationtotheusualcross-
correlatorisdefinedandinvestigatedin the
setupasdescribed•

CORRELATIONFUNCTIONSINA TAPPED
DELAYLINEMODELOFTHEORBITAL
DIPOLECHANNEL

P.Bello,IEEETrans.Inform.Th.,vol. IT-9,
Jan.1963,p. 2/11.
• . . Autocorrelationandcross-correlation

functionsarecomputedforthetapfunctionsin
termsofassumedstatisticsfor themotionof
illuminateddipoles.It is shownthatwhena
certaininequalityinvolvingthetransmitted
signalbandwidthis satisfied,thesecorrelation
functionsbecomeidenticaltothosewhichwould
arisefromthecorrespondingtap-gainfunctions
ofasuitablydefinedchannelconsistingofa
continuumofmotionlessscintillatinguncorre-
latedscatterers....

USEOFRECIRCULATORSFORCOMPRESS-
INGFREQUENCY-MODULATEDPULSES

V. V. Lebedev,RadioEngng:Transl.of
Radiotekhnika,vol. 18,no.11,Nov.
1963,p. 60/68.

The possibility of using circulating memory

devices (recireulators) for the optimum extrac-

tion of a frequency-modulated pulse in noise is

considered. A comparison with the usual filters

using dispersive delay lines is carried out ....

Section 1• 38

Special Data Transmission Systems

THE DETECTION OF CHIRPED RADAR

SIGNALS BY MEANS OF ELECTRON SPIN
ECHOES

W.B. Mires, Proc. IEEE, vol. 51, no. 8,
Aug. 1963, p. 1127/1134.

• . . a device in the receiver delays the

earlier portions in such a way that all the re-

ceived energy is concentrated into a short

pulse . . . One way of obtaining the differential

delay of frequency components is by passing the

received signal through a dispersive network.

An alternative scheme involving the generation

of electron spin echoes is suggested here. It

is readily adaptable to waveforms having a

variety of frequency sweeping functions, and it

offers the possibility of operating with excep-

tionally high time compression factors ....

Related Publications:

PROCEDURE FOR THE EVALUATION OF

CORRELATION TRACKING AND RANGING

(COTAR)

C.H. Tapper, Land-Air, Inc. , Point Mugu,

Calif., 14 Aug. 1961, 164p., (Rept. no. 30),

In cooperation with the Cubic Corp., San

Diego, Calif.), AD 264 009.

• . . Evaluation tests at the Pacific Missile

Range of the correlation tracking and ranging

(COTAR) system, as a radar acquisition device.

The instrumentation system is described. The

theory of operation and supporting mathematics

is presented to explain the method of determin-

ing directional cosine functions for the X and Y

axes of its specialized antenna field by measur-

ing the phase difference in signals received.

Working forms, data reduction procedures, and

computer programming developed for these

evaluation and acceptance tests are included.

1. gg2: TeleWoe systems (TTY)

Included: Hand-sent Morse code transmissions; CO modulation systems; Voice frequency teievyp_

systems; Teletype signal distortions; Radio telegraphy; Special TTY synchronization problems;

ISB - independent sideband radio telegraphy; Telegraphy transmission systems.

Not Included: Multiplexing systems (2); HF radio communications; Error correction codes (2);

Fundamentals of synchronization.

Cross References: Fundamentals of CO modulation (I.222); Distortions in transmission channels

(Sect. 1.62); Propagation effects on data transmission (Div. 1.6).

Principal Publications:

SINGLE CHANNEL RADIOTELETYPE

COMMUNICATION

H.B. Voelcker, Jr., IRE Nat. Cony. Record,

vol. 6, March 1958, p. 237/244•

SOME MODERN DEVELOPMENTS IN TELE-

GRAPH TRANSMISSION EQUIPMENT

W. F. S. Chittleburgh, Elect. Commun., vol. 35,

no. 4, 1959, p. 230/239.

A NON-SYNCHRONOUS APPROACH FOR IM-

PROVED COMMUNICATIONS RELIABILITY

C.H. Stewart, II, et al., Proc. Nat. Electronics

Conf., vol. 15, Oct. 1959, p. 141/150.

• . . One approach to the provision of increased

performance reliability is . . . to minimize de-

tector bandwidth. By using sequential combina-

tions of two audio frequency tones to define the

combinatorial possibilities of the standard five-

bit teleprinter code, the per-tone sampling

147
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periodis increasedbyafactorinexcessof
threetimesthatofthestart-stopsystem•The
nonsynchronouscharacteristicofthiscoding
schemeallowsoptimumuseofavariableband-
width,sothatthesystemcanbeoperatedatthe
maximumcircuitcapacityforall conditions•

EIGENSCHAFTENVONTELEGRAPHIE-
UBERTRAGUNGSSYSTEMENMIT
FREQUENZMODULATIONBEISTORUNGEN
DURCHRAUSCHEN(Characteristicsof
TelegraphyTransmissionSystemswithFre-
quencyModulationunderNoiseandDisturb-
ances)(InGerman)

H.H.Voss,Entwicklungs-Ber.Siemens-Halske,
vol.22,April 1959,p. 46/52•

TELEGRAPHIEVERZERRUNGENUNDFEHLER-
HAUFIGKEITBEIWECHSELSTROMTELEG-
RAPHIEINFOLGEVONUNTERBRECHUN-
GENUNDPHASENSPRUNGEN,TEILII
(DistortionsofTelcgraphySignalsandError
Probabilityfor ToneTelegraphyunderCondi-
tionsofShortInterruptionsandPhase
Distortions•PartII) (InGerman)

H. Zuhrt,etal., Naehrichtenteeh.Zeitsch.,
vol.12,July1959,p. 347/351•

ERRORPROBABILITIESFORTELEGRAPH
SIGNALSTRANSMITTEDONA FADING
FMCARRIER

B.B. Barrow,Proc.IRE,vol.48,Sept.1960,
p. 1613/1629.

FREQUENCY-MODULATEDVOICE-FREQUENCY
TELEGRAPlISYSTEMSFORRADIO
TELEGRAPHSERVICES

C.S.Hunt,PostOfficeElectr.Engrs.J.,
vol.53,April1960,p. 21/23•

SSB/ISBSYSTEMSFORLONG-DISTANCE
RADIOTELEGRAPHY

W.Lyons,vol.79,no.2, Feb.1960,
p. 146/149.

CARRIERTONOISEREQUIREMENTSFOR
TELETYPECOMMUNICATIONVIANON-
FADINGORFADINGUHFCARRIERS

R.W.Plush,etal., Nat.BureauofStandards,
Boulder,Colo.,Feb.1960,NBSrept.no.
5585,AD233741•

ADDITIONOFTELEGRAPHSIGNALSIN A
COMMONRESISTANCE

V.M.Rozov,RadioEng_g:Transl.ofRadio-
tekhnika,vol.15,no.5, 1960,p. 111/120.

MEASUREDSTATISTICALCHAILACTER-
ISTICSANDNARROW-BANDTELETYPE
MESSAGEERRORSONA SINGLE-
SIDEBAND600-MILE-LONGULTRAHIGH-
FREQUENCYTROPOSP[tERICRADIO
LINK

E.F. Florman,etal., J. Res.Nat.Bureau
Stand.,vol.64D,no.2, March-April1960,
p. 125/13'3.
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A studyis madeofthecaseofdoublere-
ceptionoftelegraphsignalswithd.c. addition
inacommonresistance....
A NOTEONERRORSTATISTICSIN FADING

RADIOTELETYPECIRCUITS
{Correspondence)

H.Voelcker,IRETrans.Inform.Th., vol.IT-6,
no.5, Dec.1960,p. 558.

DETECTIONANDINFORMATIONRATEOF
TELEGRAPHICSIGNALS

D.A.Bell, IRETrans.Commun.Syst.,vol.
CS-9,March1960,p. 70/77.
• . . decision-making,ratherthandemodu-

lation.... Variouserror-correctingcodes
arecomparedwiththesecondformula.It is
shownthatcorrelation-detectionisequivalent
tominimum-distancedetectionprovidedall code
groupsareofequalmeanpower,andthata
binary-codedsignalcanalwaysbeadjustedto
theconstant-powerstate.
A PROPOSEDELECTRONICMETHODFOR

HIGH-SPEEDTELEPRINTERS
N.N.Biswas,Commun.Electronics,vol.80,

no.54,May1961,p. 115/117.
• . . Amongthenoteworthyfeaturesofthe

newmethodarethefollowing:1. thestartsig-
nalis replacedbyaresetsignalRS,consisting
oftwopositivepulsesseparatedbyaNOpulse,
eachof10-msduration.2. Thestoppulseis
replacedbyanegativepulseof10-msduration.
3. Aspaceis transmittedbyaNOpulseanda
markbyapositivepulseof10-msduration.
• . . 4. Duringtheperiodsofnotransmission,
thatis, whenthelineis idle,thereis nocur-
rentflowingin theline.... 5. Thenewcode
alwaysneedsadouble-currentsystemfor trans-
mission.., eachcharacterhas14units,with
eachunitof10-msduration.Theteleprinter
receiverin thismethodiscompletelyelectronic.

APPLICABILITYOFCODINGTORADIO
TELETYPECHANNELS

A.B. Fontaine,LincolnLab.,MIT, Lexington,
27Oct.1961,6p. (Rept.25G-3),AD266827.
Approximately300hoursofradioteletype

datawereanalyzed. . . todeterminetheap-
plicabilityofcodingtheorytoradioteletype
channels.... errordetectandrepeatschemes
withabout1070 redundancy will reduce the proba-

bility of error to a negligible amount.

ANALYSIS OF OPTIMUM NON-LINEAR FIL-

TERS AND THE RECEPTION OF BINARY

TELEGRAPH SIGNALS

V. Klezha, Radio Eng_g: Transl. of Radiotek-

hnika, vol. 16, no. 5, 1961, p. 20/35.

• . . all a priori information about the signal

and noise is used in the form of n-dimensional

distribution laws governing the probability of the

signal and noise. The author calculates the noise

immunity of a special filter for telegraph signals

in the presence of Gaussian noise ....
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THEAPPLICATIONOFA HAMMINGERROR
CORRECTINGCODETOA STANDARD
TELETYPEEQUIPMENT

R.W•Levell,J. Brit. Instn.RadioEngrs•,
vol.22,no.5, Nov.1961,p. 377/392•
• . . describesapparatuswhichenablesa

standardsingle-channelteletypeequipmentto
beconvertedforusewithaHammingerror
correctingcode.Theaddedapparatusis of
smallsizeandinvolvedlittle interferencewith
existingequipment....
TELEGRAPHDISTORTIONONHIGH-SPEED

FREQUENCYSHIFTDATATRANS-
MISSIONSYSTEMS

M.Maniere,etal., IRETrans.Commun.Syst.,
vol. CS-9,no.3, Sept.1961,p•259/270.

START-STOPDATATRANSMISSIONWITHOUT
THESTOPELEMENT

R.M.M.Obermann,IRETrans.Commun.Syst.,
vol.CS-9,no.3, Sept.1960,p. 259/270.
• . . Thisincreasesthetelegraphspeed

from400charactersperminuteto500charac-
tersperminute•
TELEGRAPHDISTORTIONANDDISTORTION

MEASURING
H.H. Wusteney,Commun.Electronics,vol.80,

no.54,May1961,p. 104/109.
CO-MODULATION,A NEWMETHODFOR

HIGH-SPEEDDATATRANSMISSION
F. deJager,etal, IRETrans.Inform.Th.,

(Intern.Symp.Brussels1962),vol.IT-8,
no.5, Sept.1962,p. 285/290.
• . . primaryobjectiveis toincreasethe

speedoftransmissioninagivenbandwidth.
• . . lowerfrequencies. . . aresuppressed
• . . usingtwocarrier-voltagesdiffering90°
inphase.... pilotsignal. . . forphase-
reference. . . ThenameCO-modulationstands
for complementary orthogonal modulation ....

THE EFFICIENT UTILIZATION OF A

TELEGRAPHY CHANNEL FOR THE

TRANSMISSION OF INFORMATION

(In German)

H. Marko, Nachrichtenteeh. Zeitsch., vol. 15,

no. 9, Sept. 1962, p. 451/452.

VOICE-FREQUENCY TELEGRAPHY SYSTEMS

V.S. Gurov, et al, Joint Publications Research

Service, Washington, D.C., June 6, 1963,

219 p., refs., Transl. into English of a

monography "Sistemy Tonal'noga Telegrafiro-

vaniya", Moscow, Svyazizdat, 1962 p. 3-206,

(JPRS-19591; OTS-63-31001) N64-10510.

• . . circuit features, layout of the voice-

frequency telegraph equipment, specific design

features of the systems, and transistorized

voice-frequency telegraphy systems•

AN INPUT/OUTPUT TYPEWRITER FOR

COMMUNICATING WITH A DIGITAL

COMPUTER

149

J. Mitchell, Mitre Corp., Bedford, Mass•, March

1964, 44 p. Rept. no. TM 2838, ESD TDR64 81,
AD 435 108.

• . . A modification of a standard Selectric

typewriter, has been designed for use with the

Phoenix computer through the low-speed buffer

or with the MITRE 7030 computer through the

System Design Laboratory (SDL) display consoles•

THE RTA-60 PAGE TELETYPE

V.V. Novikov, Joint Publications Research

Service, Washington, D. C., 24 March 1964,

12 p. Transl. into English of a Russian

from the book "Inzhenerno-Tekhnieheskiy

Spravochnik po Elektrosvyazi Telegrafiya",

Moscow, State Publishing House of Lit. on
ProbL of Commun. and Radio 1963, p. 222/

229, (JPRS-23836; OTS-64-21876), N64-18317.

The apparatus consists of a transmitting set

(keyboard sender, automatic responder, and

transmitter) receiving set (electromagnet, tele-

type device, receiving typesetting and resetting
devices, coders and decoders, printing block,

and reperforator) . . .

SREDNIAIA DLITEL'NOST' LOZHNYKH

IMPUL'SOV I METOD EDINICHNYKH

ISKAZHENII DLIA ANALIZA POMEKHOUS-

TOICHIVOSTI TELEIZMERENIIA (Mean

Duration of False Signals, and the Method of

Unit Distortions for the Analysis of Telem-

etering Noise Stability (In Russian, with

summary in English)
N.V. Pozin, Avtomatika i Telemekhanika, vol.

24, Sept. 1963, p. 1272/1278, ii refs.,

A64-I1211.

Evaluation of the mean duration of false sig-

nals at the input of a low-frequency channel of a

telemetering receiver . . . method of unit dis-

tortions for calculating the noise resistance of

telemetry signal transmissions . . .

KRITERII TOCHNOSTI TELEIZMERENIIA PRI

VOZDEISTVII POMEKH KANALA SVIAZ

(Criterion for Telemetering Accuracy in the
Presence of Communication-Channel Noise

(In Russian)

N.V. Pozin, Avtomatika i Telemekhanika, vol.

24, Dec. 1963, p. 1712/1717, A64-13120.

Determination of the telemetering error in-

duced by channel noise and instability of telem-

etering devices. A dimensionless criterion,

termed the noise-proof factor, is derived for

the analysis of the effectiveness of interference

killing in individual telemetering techniques.

THE ANALYSIS OF MULTIPLE SIGNAL DATA

J.W. Smith, IEEE Trans. Inf. Theory, vol.

IT-10, no. 3, July 1964, p. 208/214.

This paper discusses the automatic processing

of data containing multiple signals. In particu-

lar, filters which modify their structures in

order to recognize initially unknown waveforms

in Gaussian noise and an unknown signal environ-

ment are investigated experimentally ....
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Theresultsdemonstratethepossibilityofusing
filtersofthenew,typefor automaticallyprocess-
ingdataalthoughtherelevantwaveformsmaybe
unknownapriori.... Problemswhichfit into
thebroadcategorydescribedare: 1)Radarde-
tectioninamultipleemitterenvironment;
2)Multiplesignalcommunicationssystemssuch
ashand-sentMorsecode;3)Medicalor recon-
naissancedata.

DEVELOPMENTOFTELETYPEWRITER
GROUPAN/GGA-2(XW-2)

M. V•Vlack,etal., 27Nov.1963,83p.,
RADCTDR6498,AD436895.
Developmentis reportedofahighlyefficient,

solid-stateerror-detectionandcorrection
system(AN/GGA-2(XW-2))forusein long-haul
digital-dataradioteletypewriterlinks. . .
RADIOTELEGRAPItY
M.V. Verzunov,JointPublicationsResearch

Service,Washington,D.C., 3March1964,
71p. Transl.intoENGLISHofaRussian
pamphlet,Moscow,Mil. PublishingHouseof
theDefenseMin.USSR,1961,p. 1/80,
(JPRS-23500;OTS64-21706),N64-18054.
• . . covers. . . (1)radiotelegraphicmeth-

odsandradiotelegraphsignalparameters;(2)
amplitudekeying. . . (3)frequencykeying. . .
(4)telegraphkeyinginmultichanneloperation;
(5)phasekeying. . . (6)methodsofimproving
radiotelegTaphy-communicationsstability;and
(7)remote-transmitterkeying.
SYNCtlRONIZATIONOFDIGITALSYSTEMSBY

MEANSOFA TRANSISTORIZEDTRANS-
MITTERDISTRIBUTOR

R.A.Woerner,IllinoisUniversity,Urbana
EngineeringExperimentStation,20Jan.1964,
36p., Rept.no.TR22,AD430597.
• . . ageneralpurposetransistorizeddata

synchronizer.... thesystemhasthecapabil-
itiesofsynchronizingdatatransmissionbetween
anumberoftransmittingandreceivingsystems.
Themainfunctionofthedistributoris tocontrol
theflowofdatabetweenTeletypeequipmentand
variousdigitalsystems.... capableoftrans-
ferringupto8channelsofparalleldata....
Onlyfivechannelsofdatacanbetransmittedin
theserialtoparallelmodessincethepresent
Teletypeequipmenttransmits5databitsper
word.... Thepresentspeedsare60,75,or
100words/minute....
MINIMUMSIGNALTONOISE-DENSITYRATIOS

FORTRANSMISSIONOFTELETYPEAND
SPEECH

F•F• Yates,AerospaceCorp.,E1Seg_ndo,
Calif.EngineeringDiv.,Jan.1964,12p•
refs•, (SSD-TDR-63-215;TDR-269(411I)-7;
AD429202),N64-15825.

• . . requirementsofaphase-modulation
communicationchannel. . . Three typical com-

munication services are analyzed: (1) 100 wpm

teletype . . . (2) 3 ke voice, 80% word intelli-

gdbility, (3) 3 ke voice, 30 db output base band
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signal-to-noise ratio (measured for a sinusoida'l

test tone) . . .

Related Publieations:

APPLICATIONS OF REDUNDANT CODES TO

A DIGITAL COMMUNICATION SYSTEM

R.L. Sharma, Proc. Nat. Electronics Conf.,

vol. 16, Oct. 1960, p. 241/249.

• . . An error deteeting seheme is discussed

for a card-to-card or tape-to-tape digital com-

munieation system, ttamming code is analyzed

for application to a teletype data. M-sequence

codes are also investigated and are shown to be

best suited for group synchronization and some

selective calling systems ....

OPTIMIZATION OF A NONLINEAR CONTROL

SYSTEM WITtt A RANDOM TELEGRAPH

SIGNAL INPUT

A.T. Fuller, J. Electronics Control, vol. 10,

no. 1, Jan. 1961, p. 61/80.

THE RELATIVE EFFICIENCIES OF VARIOUS

BINARY DETECTION SYSTEMS

R.O. Rowlands, IRE Intern. Conv. Ree. Pt. 4,

vol. 10, March 1962, p. 185/189.

• . . This paper attempts to fill the need of

the engineer who is designing a signal deteetion

system and who wants a rough idea of the relative
merits of the various basic detection methods

that are available. Five common binary detection

systems are analyzed and formulas are derived

for the signal-to-noise ratios required to give the

same probabilities or error in each system. The

effects of varying the duration of the signal and

the bandwidth of the noise are discussed for each

system, and the region is defined within which

the detectability of the signal is improved by

clipping .... 1. Ideal Correlator . . .

2. Square-Law Detector . . . 3. Two-Channel

Correlator . . . 4. Sign Correlator . . .

5. Two-Channel Sign Correlator . . .

A MAGNETIC AMPLIFIER FOR LOW-LEVEL

TE LEGRAPtt SIGNA LS

L.A. Rioual, J. Brit. Instn. Radio Eng-rs.,

vol. 25, no. 6, June 1963, p. 541/546•

In the design of submerged repeaters for

submarine telegraph cables, the need arises for

a circuit capable of amplifying very iow fre-

quency signals with great reliability. It is highly
desirable that the bulk of the apparatus be re-

duced to a minimum. A repeater circuit is

described, in which a magnetic amplifier is

used for frequency conversion of the telegraph

signals ....

TRANSISTORIZED 2-24 CItANNEL CARRIER

"rE LEGI/APH EQUIPMENT

K. Takahashi, et al., IEEE Trans. Commun.

Electronics, vol. CE, no. 66, May 1963,

p. 207/213.

• . . The transistorized 2X24-channel carrier

telegraph equipment consists of two FM (fre-

quency modulation) type 24-chmmel systems in

a bay, as recommended by the CCITT . . .

frequency range of 420 to 3,180 cps.
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DOUBLEFREQUENCY-SHIFTKEYDEMOD-
ULATIONSTUDY

"Page Communications Engineers, Inc., Wash-

ington, D. C., Final rept., 4 April 1962 -

30 June 1963, Aug. 1963, Iv. Rept. no.

PCE R--52 0028A, RADC TDR63 393,
AD 422 929.

• . . detection of received signals in double

frequency-shift keying systems is reported . . .

earlier.., a variable decision technique was
applied to an experimental DFSK demodulator

1.383: Multi-Functional Data Transmission Systems

and, in controlled tests, achieved a substantial

reduction in teleprinter errors during frequency
selective fading.., the decision logic was

refined and simplified . . • Actual performance

was tested over a 2500-mile radio path in com-

parison with a conventional DFSK system• In
single-diversity operation, the experimental

demodulator performed as well as the con-

ventional system in dual diversity. With both

systems in single diversity, it appeared to out-

perform the conventional demodulator by about
40 to 1 in error rate . . .

Included: LOGICOM (Canadian system); DEFT system of General Dynamics; Simultaneous phase
and amplitude modulation in data systems.

Cross References: Hybrid modulation methods in general (1. 280); PACM-FM modulation metnoa
(1. 934).

Principal Publications:

COMBINED AM AND PM FOR A ONE-SIDED

SPECTRUM (Correspondence)

N. Chakrabarti, Proc. IRE, vol. 47, Sept. 1959,
p. 1663.

COMBINED DIGITAL PHASE AND AMPLITUDE

MODULATION COMMUNICATION SYSTEMS

C.R. Cahn, et al., IRE Trans. Commun. Syst.,
vol. CS-8, no. 3, Sept. 1960, p. 150/155.

• • • investigated for the asymptotic case of
a high signal-to-noise ratio• A simple and ex-

cellent approximation to the probability of error

is derived for both coherent and phase-compari-

son demodulation. In addition, a simple ex-

pression is derived for the asymptotic degradation
of phase-comparison demodulation... When the

number of bits per sample of the signal is large,

a combination of digital amplitude and phase
modulation is found to make more efficient use

of transmitter power than phase modulation
alone.

PERFORMANCE OF COMBINED AMPLITUDE

AND PHASE-MODULATED COMMUNICATION
SYS TE MS

J.C. Hancock, IRE Trans. Commun. Syst. , vol.
CS-8, no. 4, Dec. 1960, p. 232/237•

LOGICOM: A DIGITAL COMMUNICATION
SYSTEM

D.C. Coll, Defense Research Telecommunica-

tions Establishment, Canada, Feb. 1961,

(DRTE rept. no. 1055), AD 254 313.

• . . was used as a demonstration of: infor-

mation source coding, error detection and cor-

rection through use of redundant coding for
transmission, burst transmission, and visual

display of received message• LOGICOM was

constructed with the use of logic modules•

A COHERENT DIGITAL AMPLITUDE AND

PHASE MODULATION SCHEME

C.N. Campopiano, et al, IRE Trans. Commun.

Syst., vol. CS-10, no. 1, March 1962,
p. 90/95•

• . . a technique for a combination of ampli-

tude and phase modulation for digital communi-

cation .... assumes phase coherence between

transmitter and receiver .... we also assume

baud synchronization .... involves the simul-

taneous and independent amplitude modulation of

two carriers of the same frequency . . . are
in quadrature with each other• The demodula-

tion process consists of the separation of the in-

phase and quadrature components followed by

amplitude detection. This scheme appears to be

easier to implement than either the system
studied by C.R. Cahn or the system investi-

gated by J. C. Hancock and R.W. Lucky ....

channels perturbed by additive, narrow-band,
zero-mean Gaussian noise ....

ON THE OPTIMUM PERFORMANCE OF N-

ARY SYSTEMS HAVING TWO DEGREES
OF FREEDOM

R.W. Lucky, et al. ,IRE Trans. Commun. Syst.,
vol. CS-10, no. 2, June 1962, p. 185/192.

• . . the n possible symbols correspond to

n vectors in a 2 WT 0 dimensional signal space.

This paper considers the theoretical properties

of digital systems where the signal space is

two-dimensional. Such systems are both

amplitude-and phase-modulated. Approximate

expressions are derived for the average proba-

bility of error for these systems as a function

of the placement of the n symbol vectors in the

two-dimensional signal space ....

DEFT WIRE-LINE STUDY

General Dynamics/Electronics, Rochester, N.Y.,

Griffiss AFB, N.Y., Advanced Development

Lab., Sept• 1963, 83 p., 6 refs., (RADC-

TDR-63-358), AD 419 483, N63-22405.

• • . consideration of methods for adapting

DEFT, a high-capacity communications system

for use on the telephone network, and determina-

tion of the performance of an experimental

DEFT modem over a leased long-distance tele-

phone circuit... (7000 bits per second, or
more) . . . Performance data was accumulated

for 125 hours of testing of a single channel

capable of handling 50 bits/second in a 20 cps

band. A "K"-carrier loop was used as the

transmission medium . . . Alignment drifts in
the equipment were determined...

151
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DIVISION i. 4

SAMPLING MODULATION METHODS

A large class of modulation methods is referred to as pulse modulation systems. Communications engineers

use abbreviations, or three letter codes, for the various subclasses. P is used for pulse modulation; PAM

stands for pulse amplitude modulation, PPM for pulse position modulation; PWM for pulse width modulation;

and so on.

Control engineers use the same modulation methods under the designation of sampled data systems. The

control system designer's problems are different. Noise and distortions are of less importance to him than

stability and transient behavior.

Yet there are many common problems between communications and control engineering in the treatment of

these modulation systems. The sampling process in the time domain and its theory is one of them. This is

why we gave this division the title "sampling modulation methods• " Section i. 41 deals with such common

fundamentals.

The following three sections contain references to special classes of sampling modulation methods. Pulse

amplitude modulation is the carrying of the sampled information in the amplitude domain (section i. 42);

pulse frequency modulation and pulse repetition rate modulation are representatives of sampled frequency

modulation methods (section I. 43); and three versions of the so-called time modulation methods may be

considered as a kind of sampled "phase modulation" (section 1.44).

A special section (I.47) is devoted to a selection of references describing related publications of sampled

data control systems.

There are other possibilities for sampling modulation methods which have not demanded as much attention

as the above mentioned methods. They are referenced in section 1.48. Pulse slope modulation is one of

them.

Section 1.40

I.400: Sampling Modulation Methods in General

Included: Pulse modulation methods; Semi-analog modulation methods.

Not Included: Time division multiplex systems (2).

Cross References: Sampled data transmission systems (control applications) (Sect. 1.47); Pulse

code modulation methods (Div. i. 5); Comparison of modulation methods (Div. 1.8); Multiple modula-

tion methods (Div. 1.9).

Principal Publications:

UNTERSUCHUNGEN AN PULSMODULATIONS-

VERFAHREN, TEIL I, II, 111 (Investigations

of Pulse Modulation Methods) (In German)

H. Hunicke, Naehrichtentech., vol. 8, Oct. 1958,

p. 456/460, vol. 8, Nov. 1958, p. 501/510,

vol. 9, Jan. 1959, p. 29/35.

CLASSIFICATION AND EVALUATION OF CO-

HERENT SYNCHRONOUS SAMPLED-DATA

TELEMETRY SYSTEMS

A. Viterbi, Jet Propulsion Lab., Calif. Inst. of

Tech., Pasadena, 15 June 61, 10 p., Tectmical

rept• no. 32-123, AD 260 585.

An analysis is given of the various types of con-

tinuous wave and pulse modulation for the trans-

mission of sampled data over channels perturbed

by white 6mussian noise. Optimal coherent

synchronous detection schemes for all of the
different modulation methods are shown to belong

to one of two general classes: (1) linear synchron-

ous detection, and (2) correlation detection. The

figures of merit, mean-square signal-to-error
ratio and bandwidth occupancy, are determined

for each system and compared.

RADIO TELEMETRY (In Russian)

F. I. Barsukov and M. V. Maksimov, Moscow,

Oborongiz, 1962, 184 p.

• . . elements of radio telemetering systems

with frequency, time, code, and combined division

of channels. Particular attention is devoted to the

problems of encoder and decoder construction in

radio telemetering systems and also to the features

of transmitter-receiver and antenna systems ....

intended for those familiar with the principles of

radio engineering ....

152
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"SAMPLED DATA MODULATION SYSTEMS

R. Sanders, IN: Space Communicatiens, Edited

by A. V. Balakrishnan, New York, McGraw-
Hill Book Co., Inc., 1963, p• 104/122,

A64-11236.

Survey of three classes of modulation tech-

niques: (1) that which transforms a signal wave-

form into some continuously variable modulation

parameter where no sampling or time quantiza-

tion of the signal source is performed prior to

modulation; (2) that involving continuously

variable modulation parameters; and (3) that

commonly referred to as any general method

of digital transmission . . . Included . . .

synchronization requirements in class (2) modu-

lation systems; PCM systems; bandwidth require-

merits for PCM systems; error correction and

detection methods in PCM systems; and

orthogonal systems.

PAM, PDM, AND PCM TECHNIQUES IN
APPLICATION TO DIGITAL TELEMETRY

ON VOICE BANDWIDTH FACILITIES

C. Yanis, et al., IEEE Trans. Commun. Elec-

tronics, no. 66, May 1963, p. 139/151.

• . . The requirements of these telemetry

modes in terms of link conditions, tone equip-

ment, and terminal equipment is examined.

Conclusions are reached regarding adaptability

to high speed, multiplexing, and hardware
requirements.

Section 1.41

Fundamentals of Sampling Modulation Methods

The theory for this class of semi-analog modulation methods incorporates elements of the theory of discrete

communication systems and of the analysis of continuous communications channels. Historically it is

important to note that this class emerged from pulse communications systems operating as time division

multiplex systems. A pulse communications systems theory was actually developed several years prior to

the original publications of communications theory• The limitation of this bibliography to the period 1958-

1963 excludes most of the original papers in pulse communications analysis.

The relatively easy design of synchronous time division systems, as compared to asynchronous systems,

leads to the general acceptance of a constant sampling rate. It is only recently that the few earlier papers

on asynchronous (adaptive) sampling processes have been given more attention. It can be expected that

such more sophisticated, but highly efficient, non-synchronous sampling processes will be applied in the

future. Most of the problems associated with these advanced systems are subjects of the various divisions
of volume 2 of this series.

This analytical section is further subdivided to single out the more important theoretical areas, such as

special transforms (1. 411), the sampling theorem (1. 412), the discussion of pulse train spectra (1. 413) and

references to a variety of sampling processes (1. 414 and 1. 418).

1.410: Analysis of Time Discrete Systems

Included: Periodic pulse modulated time series; Time jitter in pulse communications systems;

General theory of pulse systems; Books on the theory of pulse systems; Theory of semi-analog

systems; Theory of digital-analog systems; Timing errors in sampled systems; Bandwidth

limitations in pulse communications systems; Distortions in pulse systems.

Not Included: Intersymbol crosstalk in time division systems (2); Analysis of non-synchronous

pulse communications systems (2); Coding of time-discrete systems (2).

Cross References: Theory of pulse code modulation systems (1. 510); Pulse distortions in trans-

mission channels (Sect. 1.62).

Principal Publications:

SOME SIMPLIFYING ADDITIONS TO BASIC

SAMPLED-DATA THEORY

C. O. Carlson, IRE WESCON Cony. Rec., Pt. 4,

no. 4, Aug. 1958, p. 197/232.

PHASE INTERCEPT DISTORTION IN FRE-

QUENCY, PHASE, PULSE AMPLITUDE, AND
PULSE TIME MODULATION SYSTEMS

C. May, et al., Dunham Lab., Yale U., Quarterly

Progress Report No. 7 for the period ending

4Sept. 1959, 26p., AD 226 643.
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The effects of a phase intercept angle upon the

information that is conveyed by frequency, phase,

pulse amplitude, and pulse time modulation sys-
tems are considered. See also AD 207 085.

TIME SERIES ANALYSIS

E. J. Hannan, New York, John Wiley & Sons,

Inc. , 1960, 152 p.

• . . an introduction to the statistical analysis

of stationary second-order time series in discrete
time ....
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STATISTICAL EVALUATION OF DIGITAL--

ANALOG SYSTEMS FOR FINITE OPERATING

TIME

R. B. Northrop, et al., IRE Trans. Automatic

Control, vol. AC-5, no. 2, June 1960,

p. 118/128.

A frequency-domain mathematical model for

comparing the performance of a linear sampled-
data channel to a linear continuous channel is

developed ....

EINFUHRUNG IN DIE THEORIE DER

ABTASTSYSTEME (Introduction to the

Theory of Sampled-Data Control Systems)

(In German)
J. Tschauner, Munich, R. Oldenbourg, 1960,

185 p.

The mathematical theory of sampled-data

control systems is dealt with in three main

sections. The first of these deals with open-

loop systems and the second with closed-loop

systems and in each case some numerical

examples and oseillograms of actual results
are included. The third section is concerned

with certain mathematical methods, namely,

the Zeta-transform, the Taylor-transform and

difference methods, and their application to

sampled-data control systems ....

THE TtIEORY OF PULSE SYSTEMS

Y. Z. Tsypkin, Radio Engng: Transl. of Radio-
tekhnika, Moscow, Fizmatgiz, 1958,

vol. 15, no. 3, 1960, p. 113/116.

ON TIIE PROBLEM OF TIME JITTER IN

SAM PLING

A. V. Balakrishnan, IRE Trans. Inform. Th.,

vol. IT-8, no. 3, April 1962, p. 226/236.

SOME EFFECTS OF BANDWIDTtt LIMITATION

ON P.S.M., P.L.M., AND P.P.M.
SIGNALS

J. Das, Proc. Instn. Elect. Engrs., Lond.,

Part C, vol. 109, no. 16, Sept. 1962,

p. 646/655, 23 refs.

A comparative study has been made of the
effects of bandwidth reduction on such important

parameters as sideband and harmonic distor-
tions, crosstalk attenuation and message/noise

ratios, in pulse-slope modulation, pulse-length

modulation and pulse-position modulation

systems ....

TIMING ERRORS IN A CHAIN OF REGENERA-

TIVE REPEATERS, I

B. l,:. Kinariwala, Bell Syst. Teeh. J., vol. 41,

no. 6, Nov. 1962, p. t769/1780.

The pulse dist)laeements produced by timing

errors ill a chain of regenerative repeaters

(using tuned-circuit timing filters) are rcpre-

scntedbya linear transformation of the pulse

displacements at the output of the first repeater.

To facilitate the discussion of the general prob-

lem, the simpler case of periodic pulse trains

is considered first. For this case it is shown

that while the mean value tends to infinity, the

central moments of the pulse displacements
remain bounded as the number of repeaters

approaches infinity. Further results are ob-
tained which show that all the moments of the

spacing jitter remain bounded for an indefinitely

long string of repeaters ....

TIMING ERRORS IN A CtlAIN OF REGENERA-

TIVE REPEATERS, II

B. K. Kinariwala, Bell Syst. Tech. J., vol. 41,

no. 6, Nov. 1962, p. 1781/1797.

The behavior of the timing jitter in a long

chain of repeaters is shown to depend on the

spectral properties of a linear operator which

maps the space of bounded sequences into itself.

As the number of repeaters increases indefinitely,

so does the moan value of the jitter. The varia-
tion about this mean value remains bounded only

for certain highly constrained pulse trains (e. g.,

periodic, finite, etc. ), but it is otherwise
unbounded.

THEORETICAL ANALYSIS OF A TYPICAL

SAMPLED-DATA SYSTEM

tI. R. McCarley, Army Missile Command,

Redstone Arsenal, Ituntsville, Ala., 21

Jan. 1962, 12 p. incl. illus., Rept. no.

RG-TR-63-5, AD 296 863.

• . . The analysis of sampled data systems

presents several features quite different from
those found in continuous systems ....

tendency to over correct for the accumulated

error .... mathematical stability analysis of

a typical sample data servo using the Z trans-

form and root locus. The system was simulated

on a Donner 3200 analog computer ....

CLASSIFICATION AND EVALUATION OF COHER-

ENT SYNCHRONOUS SAMPLED-DATA TELE-

METRY SYSTEM

A. Viterbi, IRE Trans. Space Electronics Tele-

metry, vol. SET-8, no. 1, March 1962, p. 12/23.

• . . various types of continuous wave and pulse

modulation . . . perturbed by white Gaussian noise.

Optimal coherent synchronous detection schemes
for all the different modulation methods are shown

to belong to one of two general classes: linear

synchronous detection and correlation detection.

The figures of merit, mean-square signal-to-error

ratio and bandwidth occupancy, are determined for

each system and compared.

A DETERMINISTIC STUDY OF DELTA MODU-

LATION

C.A. lIalijak, etal., IEEE Intern. Conv. Rec.,
Pt. 8, vol. 11, March 1963, p. 247/259.
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. . . This paper views delta modulation as a

hybrid PDM/PAM system. A nonlinear feedback

model is constructed and subjected to digital

computation on an IBM 650.
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" CODING AND DECODING FOR TIME-DISCRETE
AMPLITUDE-CONTINUOUS MEMORYLESS

CItANNELS

J. Ziv, Research Lab. of Electronics, Mass.

Inst. of Teeh., Cambridge., 31 Jan. 1963,

101 p. (Technical rept. no. 399), AD 299
016.

Related Publications:

OPTIMUM FILTERING OF PERIODIC PULSE-

MODULATED TIME SERIES

W.A. Janos, IRE Trans. Inform• Th., vol.

IT-5, no. 2, June 1959, p. 67/74.

. ° . class of input time series in which the

amplitude is modulated by uniformly-pulsed

periodic functions. A uniform sampling of the

output at a period equal to the pulsing period

displays the property of time invariance.

DUAL-MODE FILTERING OF POLYNOMIAL

SIGNALS IN NOISE

L.G. Shaw, (Western Electronic Show and

Convention, San Francisco, Calif., Aug. 22-

25, 1961), IEEE Trans. on Automatic Con-

trol, vol. AC-8, April 1963, p. 136/142•

• • . procedure for finding the best (minimum
mean-square error) filter of a class of dual-mode

(adaptive) filters when the input consists of a

sample from an ensemble of fixed-order poly-

nomials plus "almost white" noise.

ON THE DETERMINATION OF THE NUMBER

OF SAMPLINGS AND TttE APPROXIMATE

FUNCTION FOR STATIONARY RANDOM

PROCESSES

N.L. Sosenskiy, Radio EnginE: Transl. of

Radiotekhnika, vol. 16, no. 8,

1961, p. 4/12.

By using the linear interpolation theory of

stationary random processes, we will solve

the problem of determination of the number of
samplings that are necessary to approximate a

stationary random process to a given degTee of

accuracy ....

DELAY OF TIME FUNCTIONS BY MEANS OF

FREQUENCY DOMAIN SAMPLING

W.W. Wierwille, Commun. Electronics, vol. 80,

no. 59, March 1962, p. 63/65.

It is possible to obtain delays of finite duration

time functions by sampling in the frequency domain•

The method is applicable when the delay time is

greater than the waveform duration• The method

is particularly amenable to analog computer tech-

niques, and no special equipment is required.

The holding feature of these machines makes it

possible to delay functions several minutes ....

1.411: Mathematical Fundamentals of Time-Discrete Systems

Included: Z-transform; Sensitivity considerations; Interpolation of time functions; Prediction of

time functions; Vector sequence concept; Time series analysis of sampled data transmission

systems.

Not Included: Optimum linear filtering of time series (2).

Cross References: Least square error criterion (1. 810); Sampling of statistical populations

(i. 119).

Principal Publications:

THEORETICAL FUNDAMENTALS OF PULSE

TRANSMISSION

E.D. Sunde, Bell Syst. Tech. J., May 1954,

p. 729.

STATISTICAL DESIGN THEORY FOR STRICTLY

DIGITAL SAMPLED-DATA SYSTEMS

S.S.L. Chang, Commun. Electronics, Jan. 1958,

p. 7O2/7O9.

• . . z-transform theory for the analysis

and synthesis of sampled-data systems. Ap-

plicable when correlation functions concerning

the input signals are the only known factors . . .

THE SAMPLED-DATA PROCESS, ITS BASIC
TRANSFORM AND DERIVATIVE

PROPERTIES

W.H. Shields, System Development Corp.,

Santa Moniea, Calif., Rept. No. SP 45,

Sept. 1958, 39p, AD 209 511.

FREQUENCY DOMAIN APPLICATIONS TO
DATA PROCESSING

M.A. Martin, IRE Trans. Space Electronics

Telemetry, vol. SET-5, March 1959, p.

33/41.

• . . telemetered functions are not measured

continuously. To permit time multiplexing,

values of these functions are determined only at

constant time intervals; it is said that they are

sampled at a specified sampling frequency•

Smoothing, differentiation and integration of

continuous signals are quite familiar• Mathe-

matical tools have been developed which perform

similar operations on digitized sampled functions;

by analogsb these tooIs are called numerical

filters, or simply filters•

ANALYSIS OF PULSE DUIL&TION SAMPLED-

DATA SYSTEMS WITII LINEAR ELEMENTS

R.E. Andeen, IRE Trans. Automatic Control,

vol. AC-5, no. 4, Sept. 1960, p. 306/313.
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• . . application of z-transform techniques to

the analysis of sampled-data systems in which

signals appear in pulse-duration modulated form.

CONTRIBUTION TO THE MODIFIED Z-TRANS-

FORM THEORY

E.I. Jury, J. Franklin Inst. (USA), vol. 270,

no. 2, Aug. 1960, p. 114/129.

Introduces a complex convolution theorem for

the modified Z-transform . . . The theorem is

fairly general and a number of special cases of
wide interest are discussed, including relation-

ship with Z-transform theory, evaluation of

square error at sampling instants, analysis of

integral square error and others of importance
in conventional and multi-rate sampled-data

systems. Examples are discussed and a short
table of relevant transforms is given. Additional

theorems include one enabling the solution of

certain types of non-linear difference equations.

INTRODUCTION A L'ANALYSE DES SYSTEMES

ASSERVIS A INFORMATION PULSEE

{Introduction to the Analysis of Pulse Trans-

mission Systems) (In French)

M.S. Thelliez, et al., Ann. Radioelect., vol. 16,

no. 63, Jan. 1961, p. 9/68, 55 refs.

ttaving described the class of servo controlled

systems examined in this article, the authors deal

with the two main sampling and reconstitution

operations on the information. They then present

the Z transformation, the inverse transformation

and their more interesting properties . . . helps

to define the pulsed transfer functions of the

principal structures encountered in practice, and
this extension of the transfer function is the sub-

ject of the third chapter. The fourth chapter

sets out . . . the analysis of the absolute stability

of this family of systems the importance of which
is demonstrated in the conclusion.
ANALYSE DES SYSTEMES A INFORMATIONS

DISCRETE A L'AIDE DU CONCEPT DE

VECTOR SEQUENCE CONCEPT (In French)

(Discrete Information System Analysis Em-

ploying the Vector Sequence Concept)
R. J. Boudarel, et al., (Compagnie Europ_ene

d' Automatisme Electronique, Paris, France),

Academic des Sciences (Paris), Comptes

Rendus, vol. 256, no. 7, 11 Feb. 1963, p.

1465/1468, A63-17397.
Linear and nonlinear discrete information

analysis based on a vector sequence analogy.

UTILISATION DE LA TRANSFORMATION

EN Z POUR L'ETUDE DE LA POURSUITE

AUTOMATIQUE DES INFORMATIONS RADAR

(Application of the Z-Transform for the Study

of Automatic Tracking in Radar Systems)
(In French)

J.P. Gouyet, Ann. Radioelect. vol. 17, no. 67,
Jan. 1962, p. 30/58.

• . . automatic detection and tracking of air- -

craft by means of search radars . . . article is

concerned, in Part I, with the mathematical aspect

of the problem of the reconstitution of aircraft

tracks in the horizontal plane. It is shown that this

problem is identical to that of filtering digital or

sampled information. The sampling period is

equal to the rotation of the search radar antennas
used with the automatic tracking system. By us-

ing the mathematical operator, which is the Z
transformation, as well as the evaluation criteria

normally used in any sampling system, an analysis

is given of absolute stability, relative stability

and fluctuation filtering efficiency of the tracking

system under examination.

SENSITIVITY CONSIDERATIONS IN CONTINUOUS

AND SAMPLED-DATA CONTROL SYSTEMS

M.E. Gieseking, Air Force Inst. of Tech., Wright-

Patterson AFB, Ohio, Aug. 1963, 90p.,

AD 420 685.

Sensitivity is the percentage change in trans-

mission function due to a percentage change in

plant parameter .... The Bode diagram is
used to investigate the sensitivity function in the

frequency domain .... For frequencies ap-

proaching one-half the sampling frequency, the

magnitude of the sensitivity functions of sampled-

data systems is greater than one. As sampling

frequency increases, the poles of a sampled-

data system move toward z-1 on the z-plane

root locus diagram•

CIRCUIT WAVEFORMS FOR PERIODIC

WAVES

D. L.Waidelich, IEEE Trans. Commun. Elec-

tronics, no. 65, March 1963, p. 108/115.

• . . A method using steady-state transforms
is described which indicates how the sum function

of a Fourier series may be obtained. The method

can be applied to problems arising from circuits

containing concentrated circuit parameters, but is

not quite so useful for those having distributed

parameters ....

Related Publications:

DISCRETE ORTHONORMAL EXPONENTIALS

T.Y. Young, ct al., Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 10/18•

• . . In this paper, we deal with digitizing

the orthonormal exponentials with complex ex-

ponents. The z-transforms of continuous ortho-

normal exponentials are not themselves orthogoual
in z-domain . . . For this reason, we introduce the

Kautz process in the z-domain to define a set of

discrete orthonormal exponentials• These discrete

orthonormal exponentials approach the ordinary

continuous orthonormal exponentials in the limit

as the sampling interval T approaches zero.
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'1. 412: Sampling Theory

Included: Sampling theorems; Sampling errors; Band-pass sampling; Linear distortions due to

sampling; Aliasing error; Optimum presampling filters; Sample-hold-resample processes;

Truncation errors.

Not Included: Smoothing of sampled functions (2); Redundancy reduction through adaptive sampling
(2).

Cross References: Theory of quantization (1. 511); Sampling of statistical populations (1. 119);
Rotation sample design (1. 418); Sampling processes (1.414).

Principal Publications:

ON SAMPLING THE ZEROS OF BANDWIDTH

LIMITED SIGNALS

F.E• Bond, et al., IRE Trans. Inform. Th•,

vol• IT-4, Sept. 1958, p. 110/113.

SAMPLING THEOREMS FOR LINEAR TIME-

VARIANT SYSTEMS

T. Kailath, Mass. Inst. Tech., Quarterly

Progress Rept. Res. Lab• Electronics,
July 1958, p. 128/133.

A SAMPLING THEOREM FOR STATIONARY

RANDOM PROCESSES

D.W. Tufts, Mass. Inst. Tech., Quarterly
Progress Rept., Res. Lab of Electronics,

July 1958, p. 111/116.

SAMPLING OF SIGNALS WITHOUT D. C.

COMPONENTS (Correspondence)

D.A. Bell, Electronic Radio Engr., vol. 36,

May 1959, p. 193.

. . . the extension of the Sampling Theorem

to bands not extending down to zero frequency

was proved by Kohlenberg in 1953; and con-

trary to the conclusion reached by Dr. Billings,

in the February issue, he was able to show that

a mean sampling rate 2 A f still suffices•

SAMPLING OF SIGNALS WITHOUT D. C.

COMPONENTS

A• R. Billings, Electronics Radio Engr.,

vol. 36, Feb. 1959, p. 70/72•

SAMPLING OF SIGNALS WITHOUT D. C.

COMPONENTS (Correspondence)

A.R. Billings, Electronic & Radio Engineer,

vol. 36, July 1959, p. 275.

A DISCUSSION OF SAMPLING THEOREMS

D.A. Linden, Proc. IRE, vol. 47, July 1959,
p. 1219/1226.

The convolution theorem of Fourier analysis

is a convenient tool for the derivation of a number

of sampling theorems• Second-order sampling of

low-pass and band-pass functions, quadrature

and Hilbert-transform sampling, sampling of

periodic functions, and simultaneous sampling

of a function and of one or more of its derivatives.
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ON THE ACCURACY OF RESTORING A FUNC-

TION WITH A FINITE NUMBER OF TERMS

OF A KOTEL'NIKOV SERIES

B.S. Tsybakov, et al., Radio Engrg. Electronics

vol. 4, no. 3, 1959, p. 274/275.

A SAMPLING THEOREM FOR STATIONARY

RANDOM PROCESSES

D.W. Tufts, Mass. Inst. of Tech. Res. Lab.

Electronics, Progress Rept. no. 53,

April 1959, p. 87/93.

A GENERALIZATION OF THE SAMPLING

THEOREM

D.A• Linden, et al., Information Control,

vol. 3, no. 1, March 1960, p. 26/31.

• . . sampling theorem for bandlimited func-

tions allow one to reconstruct exactly a function

containing no frequencies higher than W cps,

g_ven the values of the function at equispaced

sampling points 1/2W sec apart .... values of

the function and its first R derivatives at equi-

spaced sampling points, (R+I) 2W see apart.

THEORETICAL BOUNDS ON THE PERFORM-

ANCE OF SAMPLED DATA COMMUNICA-
TIONS SYSTEMS

J.J. Spilker, Jr., IRE Trans. Circuit Theory,

vol. CT-7, no. 3, Sept. 1960, p. 335/341.

. . . sampling at a rate two or more times

the maximum message frequency .... In

practical communications systems, the message

spectrum is not strictly bandlimited, and noise

is necessarily introduced into the sampled mes-

sage by transmission .... message can be re-

covered with only small error by filtering the

message before sampling and carefully choosing

the smoothing filter.

DESIGN PROBLEMS IN PULSE TRANSMISSION

D.W. Tufts, Research Lab• of Electronics,

Mass. Inst. of Tech., Cambridge, Doctoral

thesis, 28 July 1960, 48 p. 24 refs. , Tech-

nical rept. no. 368), AD 259 772.

• . . The results provide a generalization of

the sampling principle.
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LINEAR DISTORTIONS IN THE SAMPLING OF

CONTINUOUS SIGNALS

V.A• Vol, Radio Engng: Transl. of Radio-

tekhnika vol. 15, no. 4, 1960,

p. 61/69•

• . . distortions . • . when sampling time

cannot be regarded as infinitely small, whilst

the law governing the variation in the steep-

ness of the converter is arbitrary. It is shown

that the output voltage depends not only on the

frequency of the corresponding component of the

input signal but also on its phase when the form

of the variation in the steepness of the converter

is asymmetrical during the sampling period.

These distortions can therefore only be regarded

as phase-frequency distortions in the first ap-

proximation ....

SAMPLING THEOREMS AND BASES IN A

ItlLBERT SPACE

F.J. Beutler, Inlorm. Control, vol. 4,

no. 2/3, Sept. 1961, p. 97/117.

A unified approach to sampling theorems for

(wide sense) stationary random processes rests

upon Hilbert space concepts• New results . . .

along the following lines: recovery of the process

x(t) from nonperiodic samples, or when any finite

number of samples are deleted; conditions for

obtaining x(t) when only the past is sampled; a

criterion for restoring x(t) from a finite number

of consecutive samples; and a minimum mean

square error estimate of x(t) based on any (pos-

sibly nonperiodic) set of samples ....

INFORMATION BANDWIDTH PROBLEMS IN

INSTRUMENTATION OF MISSILE FLIGItT

TESTS

W.E. Mimmack, IRE Trans. Mil. Electronics,
vol. MIL-5, no. 4, Oct. 1961, p. 272/278.

• . . It can be shown.., that the rate of

information acquisition of a sampled-data in-

strumentation system, when considered as a

function of sampling interval, has a maximum

• • •

THEORETICAL BASIS AND PRACTICAL

IMPLICATIONS OF BAND-PASS SAMPLING

C.L. Ackerman, et al., Proc. Nat. Elec-

tronics Conf. , vol. 18, Oct. 1962, p. 1/9.

If the Shannon sampling theorem is extended to

the case of band-pass signals, the result is that

a sampling rate between 2W and 4W samples per

second suffices for a complete reeonstitution of

the sig_la[ .... In this paper, the effect of

band-pass sampling is studied ill a sampled-data

correlation system using signal-to-noise proees-

sing gain as a performance measure. It is con-
eluded that such alternatives as demoduhttion or

quadrature sampling may be necessary to prevent

degradation of system performance when band-pass

sampling is employed.

STUDY AND EXPERIMENTAL INVESTIGATION ,

ON SAMPLING RATE AND ALL&SING IN

TIME-DIVISION TELEMETRY SYSTEMS

D.G. Childers, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 4, Dec. 1962,

p• 267/283.

• . . to determine the effect of 1) data power

spectrum, and 2) system design parameters on

aliasing and data interpolation error .... Re-

suits are applicable to time-division multiplexed

telemetry systems. In particular, the results

apply to the commonly used PAM-FM, PDM-FM

and PCM-FM telemetry systems and PACM-FM.

. . . The experimental test utilized a PAM-FM

system to derive an accurate measurement of at-

tainable performance and to indicate when other

equipment factors beg-in to impose a limit on data

recovery accuracy .... In most applications,

especially when the interpolation error must be

1 per cent or better, a minimum samples per

cycle of 3 or higher will be required ....

A COMMUNICATION ANALYSIS OF HIGH FRE-

QUENCY IONOSPHERIC SCATTERING
G. Einarsson, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge, 15 March

1962, 76 p. Technical rept• no. 400, AD

416 605.

• . . A sampling theorem for linear band-

pass filters is derived, and the results that can

be expected when it is used to represent a single

fluctuating path with Doppler shift are discussed.

TRUNCATION ERROR OF SAMPLING-TttEOREM

EXPANSIONS

H.D. Helms, et al., Proc. IRE, vol. 50,

Feb. 1962, p. i79/184.

158

• . . arises in reconstituting a band-limited

function by summing over only a finite number (in-

stead of the requisite infinite number) of samples
of this function in an appropriate sampling-theorem

expansion. Upper bounds are given for the trunca-

tion errors of the Cardinal and Fogel sampling

expansions and for "self-truncating" versions of
these two sampling expansions.

SIGNAL SPACE, MODULATION, AND BAND-

WIDTII

J.M. Kirshner, Conf., Proe. Natl. Conv. Mil.

Electronics, vol. 6, June 1962, p. 149/153.

'File concept of signal space allows one to apply

geometric principles to waveforms used in eom-

nmnieation .... ,1. The Sampling Theorem and

Separation of Channels ....

SAM PLING AND RECONSTRUCTION OF WAVI'-

NUMllER-L1MITED FUNCTIONS IN N-DIMEN-

SIONA I, EUCLIDEAN SPACES

I).P. Peterson, et al., Inform. Control, vol. 5,

no. -t, Dee. 1962, p. 279/323.
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The well-known Whittaker-Kotel'nikov-

Shannon sampling theorem for frequency-band-
limited functions of time is extended to func-

tions of multidimensional arguments. It is

shown that a function whose spectrum is re-

stricted to a finite region of wave-number space

may be reconstructed from its samples taken

over a periodic lattice having suitably small
repetition vectors. The most efficient lattice

(i. e•, requiring minimum sampling points per

unit hypervolume) is not in general rectangular,

nor is a unique reconstruction function asso-

ciated with a given sampling lattice ....

EXTRAPOLATION (PREDICTION) OF A FUNC-
TION WITH A LIMITED SPECTRUM FROM

ITS DISCRETE VALUES (Translation)
I.G. Polliak, Telecommunications and Radio

Engineering, Part II - Radio Engineering,
vol. 17, Nov. 1962, p. 59/67, 12 refs.,
A63-16488.

• . . useful in the design and analysis of

sampled-data systems in communications

and remote control, as well as in numerical

analysis•

PROBABILISTIC NETWORK STUDY - SYSTEM

RE LIABILITY

F.M. Reza, Syracuse U. Research Inst., N.Y.,
Final rept., Aug. 1962, 43 p. incl. illus.

refs. (Rept. no. EE 747-6208FR), (AFCRL 62-
724), AD 296 975.

• . . presents a note on a new sampling theorem

using Bernstein's orthogonal polynominals ....

SAMPLING AND QUANTIZATION ERRORS IN

A DIGITALLY MECHANIZED INERTIAL
NA VIGA TOR

N.A. Boehmer, et al., IEEE Trans. Mil. Elec-

tronics, vol• MIL-7, Jan. 1963,
p• 56/61.

• . . A constant altitude, meridian plane, pure

Sehuler tuned inertial navigator model on a nonro-

rating earth is used for analysis. Insofar as

sampling and quantization effects are concerned,
nothing significant is lost by this restriction since

the cross-coupling effects are small, and the earth

rotation vector components on the platform axes

are slowly varying .... Time and frequency
domain analysis of the sampled-data system is

presented and the effects of quantization present

at the digital computer input and output are
evaluated ....

A NOTE ON 2 TW (Correspondence)

C.H. Dawson, IEEE Trans. Space Electronics

Telemetry, vol. SET-9, no. 2, June 1963,
p. 61.

• . . block diagram shown, . . . Iffl is too

large, spectrum overlap occurs preventing per-

fect recovery while, if f2 is too small, time
domain overlap occurs again preventing perfect

recovery•
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NUMBER OF QUANTIZATION LEVELS AND IN-

TERVALS REQUIRED FOR THE DISCRETE

REPRESENTATION OF WEAK SIGNALS IN
NOISE

L. I• Filippov, Radiotekhnika i Elektronika,

vol. 8, March 1963, p. 497/499• In Russian•

Radio Engineering and Electronic Physics,

March 1963, p. 440-442. Translation,
A64-I0445.

• • . An interval in the time quantization can

be determined by means of Kotel'nikov's theorem,
which can only be applied to infinite waveforms.

The error incurred when the theorem is applied
to a finite waveform . . .

A NOTE ON OPTIMUM PRESAMPLING FILTERS
(Correspondence)

D. Middleton, et al., IEEE Trans. Circuit

Theory, vol. CT-1O, no. 1, March 1963,
p. 108/109•

• . . In a previous issue, Spilker derived an

equation.., for the error spectral density of a
sampled-data system as a function of the pre-

sampling filter transfer function . . . the ideal

presampling operation is to eliminate all power

above the "Nyquist/Shannon" frequency band-
limit ....

One might intuitively suspect that this result

holds under less restrictive assumptions . . . a

general proof applying to multi-dimensional stoch-

astic processes has been obtained by the authors

ALIASING EFFECTS FROM A SAMPLE-HOLD-

RESAMPLE PROCESS

O.C. Myers, Jr., Rec. Nat. Commun. Symp.,
vol. 9, Oct. 1963, p. 87/91.

STOCHASTIC SAMPLING OF A BINARY RAN-

DOM PROCESS

S.J. Redman, et al., IEEE Trans. Circuit Theory,
vol. CT-10, no. 1, March 1963, p. 3/24.

• . . When a binary random process is sampled

by an independent random pulse process a new

binary process is generated. Statistical proper-

ties of this new binary process are investigated

in this paper• Two methods of sampling are con-

sidered, according as an even or odd number of

zeros of the binary process being sampled occur

between successive sampling pulses .... a

brief description of an experimental sampling

device and some results obtained with it, is given.

This paper is envisaged as the first of a series

of three papers dealing with binary random

processes and their application in the analysis of
simple filters containing a randomly switched
parameter.

DETERMINATION OF THE REQUIRED FRE-

QUENCY OF PERIODIC MEASUREMENTS OF
A CONTINUOUS SIGNAL

M.V. Rybashov, Forei_,nl Tech. Div., Air Force

Systems Command, Wright-Patterson AFB,
Ohio, 1963, AD 412 242.
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THE REPRESENTATION OF STOCHASTIC

PROCESSES BY ORTHOGONAL EXPANSIONS

J.B. Thomas, In: Joint Automatic Control

Conference, 4th, University of Minnesota,

Minneapolis, Minn., June 19-21, 1963, Pre-

prints of Technical Papers. Conference

sponsored by the American Institute of

Chemical Engineers. New York, American

Institute of Chemical Engineers, 1963,

p. 287/291. A64-11196.

Review of types of series used to represent

noises or random signals in problems of com-
munications and control theory . . . considered

are the Fourier series, the sampling theorem

expansion, and the Karhunen-Loeve expansion.

ON THE SAMPLING PROPERTY OF THE DELTA

FUNCTION

H. Urkowitz, Proe. IEEE, vol. 51, no. 7,

July 1963, p. 1057/1058.

The sampling property attributed to the delta

function is usually expressed in... an integral

expression . . . where f(t) is continuous at t-a.

In a recent communication Urkowitz asserts an ap-

parently more general result which for clarity we

shall refer to as the sifting property; . . . in

case f(t)has at worst an ordinary discontinuity at

t = a. The main purpose of the present communi-

cation is to point out that these two properties are

genuinely distinct and that the sifting property

does not apply to the delta function at all ....

AMBIGUITIES IN TELEMETRY SAMPLING

R.E. Young, Electronic Engng, vol. 35, May

1963, p. 322/324. A63-24044•

• . . consideration of the "sampling theorem"

and the two alternative proofs given by Shannon,

and by Nichols and Rauch. Various design points

are collated, and new techniques are suggested to

give reduced bandwidth without an increase in

sampling ambiguities.

PROGRAM 461 TELEMETRY ALIASING ERROR

ANALYSIS

Lockheed Aircraft Corp., Sunnyvale, Calif.,

10 June 1963, lv. Rept. no. LMSC A324768,
AD 409 887.

• . . Aliasing error may be reduced by faster

sampling and/or better filtering. Since it is man-

datory that a high degree of accuracy be attained

with a minimum sampling rate, an optimization

analysis is clearly necessary. To accomplish

this, the telemetry system is described mathe-

matically by tile transfcr functions of its significant

blocks .... Three different interpolation filter

types are comparcd;. . . The computation was

performed on an IBM 7094 computcr, with a pro-

gram written so that system parameters could be

easily varied.
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Related Publications:

LIMITATIONS OF ANGULAR RADAR RESOLU-

TION

E. Eichler, Conf. Proc. Natl• Conv. Mil.

Electronics, vol. 4, June 1960, p. 249/252•

• . • The subject is linked to optical diffrac-

tion theory and to the resolution problem and the

sampling theorem of communication ....

ON A NEW TItEORY OF TItE LIMITATION OF

THE SIGNAL SPECTRUM (In French)

J. Oswald, Cables Transm., vol. 14, no. 4,

Oct. 1960, p• 249/261•

• . . The basic idea of the present work is the

substitution of a distributed function for the con-

tinuous functions (linear network operators)

generally used for representing signals. This

results naturally from the theory of sampling.

LINEAR RECONSTRUCTION OF QUANTIZED

AND SAMPLED RANDOM SIGNAI_N

D.S. Ruchkin, IRE Trans. Commun. Syst.,

CS-9, no. 9, Dec. 1961, p. 350/355.

ON A SIMPLE PROCEDURE OF UNEQUAL

PROBABILITY SAMPLING WITtlOUT RE-

PLACEMENT

J. N. K. Rao, etal., Iowa State U., Iowa City, 1962,

16 p. refs., (Teclmical rcpt. no. 1.2),

(AROD rept. no. 2934.2), AD 298 881.

ASYMPTOTIC THEORY OF THREE UNEQUAL

PROBABILITY SAMPLING PROCEDURES

WITItOUT REPLACEMENT

J. N. K. Rao, Iowa State U., Iowa City, 1962, 16 p.

incl. table, 4 refs. (Technical rept. no. 1.3),

(AROD rcpt. no. 2934:3), AD 298 885.

SYNTHESIS OF OPTIMAL FILTERS FOR A

FEEDBACK QUANTIZATION SYSTEM

E.G. Kimme, et al•, IEEE Trans. Circuit

Theory, vol. CT-10, no. 3, Sept. 1963,

p. 405/413.

• . . The feedback filter F is assumed to be

a tapped delay line, whose top weights are obtained

through a rapidly converging iterative procedure

on an IBM 7090 automatic computer .... pas-

sive, lumped parameter predistortion and recon-

struction filters arc desigaed.

SOME' RE LATIONS BETWEEN DIGITIZING

PAIIAM l':Tl':IIS AND CA LCULATED STATIS-

TICS OF A WAVEFORM

R. McAulay, Illinois Univ. Engineering Experi-

ment Station, Urbana, 15 Aug. 1963, 35 p.

Rept. nos. TR18, TR1, AD419 905.
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• . ° toinvestigatetheeffectwhichtheanalog-
to-digitalconverterhasinperturbingthevalues
ofcertainstatisticsfromtheirtruevalues....
theanalogoftheactualsamplingandquantizing
processisdevelopedasacomputerprogram....
MULTIVARIATEPOLYNOMIALAPPROXIMA-

TIONFOREQUIDISTANTDATA
B. Mond,MathematicsofComputation,vol.18,

April1964,p. 298/301,5refs.,A64-16424.
Extensionofthetheoryofpolynomialapproxi-

mationforevenlyspacedpointtomultivariate
approximation.It isshownthatbyapproximately
choosingthebivariatebiorthogonalpolynomials,
availabletablespreparedforunivariateapproxi-
mationcanbereadilymodifiedfor usein the
bivariatecase.A straightforwardextensionto
themultivariate case is presented.
FACTORS FOR ONE-SIDED TOLERANCE LIMITS

AND FOR VARIABLES SAMPLING PLANS

D.B. Owen, Sandia Corp., Albuquerque, N°

Mex., March 1963, 406 p., 82 refs.,

(SCR-607; supersedes SCR-13), N63-16782.

Tables are given of a quantity k which is used

to define single-sample variables sampling plans
and one-sided tolerance limits for a normal dis-
tribution ....

QUANTIZATION ERRORS IN DIGITAL CONTROL

SYSTEMS

J.B. Slaughter, IEEE Trans. Automatic

Control, vol. AC-9, Jan. 1964, p. 70/

73; Discussion, Bernard Widros, p. 73, 74;

Author's Reply, p. 74, 5 refs., A64-15915.

• . . For a third-order plant the error due to

quantization was determined to be approximately

ten times the value of the quantizing level, and

was reduced to six times by increasing the

sampling rate by a factor of two.

EXTENSIONS OF LINEAR, LEAST-SQUARES
SAMPLING THEORY

D.W. Tufts, et al., Cruft Lab°, Harvard U.,

Cambridge, Mass., 10 April 1963, lv.,
TR 407, AD 411 848.

• . . some new results in the interpolation

theory of random processes .... applied to

the problem of reconstructing a random wave-

form from instantaneous samples ....

A NOTE ON BANDLIMITED FUNCTIONS

(Correspondence)

F. Tung, IEEE Trans. Circuit. Theory, vol°

CT-10, no. 2, June 1963, p° 275/276.

• . . a bandlimited function .... can be

constructed from its sample values .... It is

sometimes desirable to find expansions of f(t).

• . . One may inquire into the possibility of

finding functions $ n(t) . . . We shall re-
strict ourselves to exploring functions that can

be generated from second-order ordinary linear
differential equations . . .

KVANTOVANIE NEPRERYVNYKH SOOBSHCH-

ENII S MINIMAL'NOI SREDNE KVADRATICH-

NOI OSHIBKOI (Quantification of Continuous

Information at Minimum Mean-Square Error)

(In Russian)

A.I. Velichkin, Radiotekhnika, vol. 19, March

1964, p. 66/75, A64-17755.

Investigation of the conditions of minimum dis-

tortion in the quantification of continuous in-

formation with respect to time and levels• It

is shown that the determination of the optimum

parameters of the quantifier with respect to

levels requires a two dimensional probability

density distribution of the quantized informa-
tion . . .

DEVELOPMENT AND EVALUATION OF PRO-

CEDURES FOR QUANTIZING MULTIVARIATE

DISTRIBU TIONS

P. Zador, Stanford U., Calif. 10 Dec. 1963,

64 p., Rept. no. TR-92, AD 426 677.

• . . approximation generated by a specific

but arbitrary partion and a specific but arbitrary

set of representation points is examined. A

statistical measure of error is investigated• The

size of the error is measured by some moment
of the random variable .... The behavior of the

minimum error when there is a large number of

representation points is demonstrated• This ex-

tension takes into account the entropy rate of the
discrete quantizing sequence.

1.413: Spectra of Pulse Trains

Included:__ Power spectra of pulse systems; Impulse-equivalent pulse trains; Correlation character-

istics of pulse trains; Statistical characteristics of pulse trains.

Not Included: Spectrum analyzers.

Cross References: Spectra of analog modulated signals (1. 210).

Principal Publications:

THE MEASUREMENT OF POWER SPECTRA

FROM THE POINT OF VIEW OF COM-

MUNICATIONS ENGINEERING

R.B. Blackman, et al., Bell Systems Tech. J.,

vol. 37, Jan. 1958, p. 185/282; vol. 37,

March 1958, p. 485/569.

ZUR MESSUNG DER WAHRESCHEINLICH-

KEITSDICHTE UND DES SPEKTRUMS VON

STATIONAREN ZEITPROZESSEN (In German)

On the Measurement of the Probability Density

and the Spectrum of Stationary Time Processes.

P. Fey, Hochfreguenztech. Elek. Akust., vol. 66,

March 1958, p• 141/142•
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MEASUREMENTOFPEAK AND INSTANTAN-

EOUS VA LUES IN PERIODICA LLY RE CUR-

RING CURRENT AND VOLTAGE WAVE

FORMS

A.D. Kratirov, Telecommun., no. 2, 1958,

p. 199/205•

A STATISTICAL DESCRIPTION OF COINCI-

DENCES AMONG RANDOM PULSE TRAINS

S. Stein, et al., Proc. IRE, vol. 46,

May 1958, p. 827/830.

THE CORRELATION FUNCTIONS OF RANDOM

SEQUENCES OF RECTANGULAR PULSES

I.N. Amiantov, et al., Radio Engrg., vol. 14,

no. 4, 1959, p. 9/25.

THE ENERGY SPECTRA OF RANDOM SERIES

OF OVERLAPPING PULSES

M.I. Dorman, Radio Eng_g: Transl. of Radio-

tekhnika, vol. 15, no. 12, 1960,

p. 71/74.

A study is made of the possibility of using

Levin's method (i) to calculate the energy spectra

of random series of overlapping pulses• Ex-

amples are given ....

PULSE SEQUENCE SPECTRA WITH TIME

MODULATION

V• S. Fain, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 11, 1960,

p. 28/32.

• . . study . . . of a simplified method of cal-

culating pulse sequence spectra with time modu-

lation. A formula is proposed and an actual ex-

ample considered ....

PULSE SYSTEM THEORY APPLICATIONS, II

K. Ikrath, Army Signal Research and Develop-

ment Lab., Fort Monmouth, 1 March 1960,

ASRDL technical rept. 2099, AD 246 075.

The wave shapes of pulse train responses
of various filter networks under different operat-

ing conditions are accurately formulated on the
basis of mathematical methods which are docu-

mented in AD 149 511. A quantitative insight into

the shortcomings of ordinary Laplace Transform

and Fourier Transform approach to pulse systems

problems is given on the basis of numerical ex-

amples whose practical implications are dis-
cussed.

STUDY AND EXPERIMENTAL INVESTIGATION

ON SAMPLING RATE AND ALIASING IN

TIME-DIVISION TELEMETRY SYSTEMS

J.W. Capps, et al., Aeronutronic, Newport

Beach, Calif., Final rept., March-Sept.

1961, June 1962, lv. incl. illus., 22 refs.,

(ASD TR 61-553), AD 278 515.

• . . applicable to time-division multiplexed

telemetry systems. In particular, the results

apply to the commonly used PAM-FM, PI)M-FM
and PCM-FM telemetry systems .... to

determine typical telemetry data spectra ....
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SPECTRAL ANALYSIS OF A PULSE TRAIN

M.I. Finkel'shteyn, Radio Engng: Transl. of

Radiotekhnika, vol. 17, no. 4,

April 1962, p. 16/21.

The spectrum of a pulse train with symmetric

envelope is determined and a method of estimat-

ing the degree to which the spectrum is concen-

trated around the "principal lobes" is given. The

concept of the concentration coefficient is intro-

duced, which has the order of magnitude of the

cube of the number of pulses for a cosine-squared

envelope ....

THE GENERATION OF IMPULSE-EQUIVALENT

PULSE TRAINS

D.A. Huffman, IRE Trans. Inform. Th., Intern.

Symp. Brussels 1962), vol. IT-8, no. 5,

Sept. 1962, p. S10/16.

The necessary and sufficient conditions for a
function to be the autocorrelation function of a

waveform consisting of a finite length train of

pulses of various amplitudes is derived. The

number of pulse trains having a given realizable

autocorrelation function is determined. An

"impulse-equivalent" pulse train is defined as

one that yields, as closely as is theoretically

possible, the same autocorrelation function that

a single pulse gives .... It is demonstrated

that all impulse-equivalent pulse trains can be

generated by exciting a linear digital filter with

two input pulses that correspond in time to the
initiation and to the termination of the desired

output sequence ....

SPECTRA AND ANALYSIS (In Russian)

A.A. Kharkevich, Moscow, Fizmatgiz, 1962,

236 p.

The monograph deals with a selection of spec-

tral representations used in the theory of oscil-

lations, acoustics, and radio engineering . . .
aims to widen the theoretical horizons of

engineers working in the fields of radio and ac-
oustics ....

KORRE LA TIONSE LE KTRONIK. GRUNDLAGEN

UND ANWENDUNG DER KORRE LATIONS-

ANALYSE IN DER MODERNEN NACHRICH-

TEN-, MeB- UND REGELUNGSTECIINIK;

(2 Aufl. ) (Correlation Electronics. Funda-
mentals and Applications of Correlation

Analysis in Modern Communications and Con-

trol Technique) (In German)

F.H. Lange, Berlin, Verlag Technik, 1962,

381 p.

AUTOCORRELATION BY MAGNITUDE OF TItE

DIFFERENCE (Correspondence)

T.A. Martin, Proc. IRE, vol. 50, no. 12, Dec.

1962, p. 2499.

For reasons of ease of implementation it is

sometimes desirable to use functions other than

the linear correlation function to examine data
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-for coherence• One such function is the "com-

parison correlation function" . . . The compari-

son autocorrelation function may be readily cal-

culated for a random pulse train such as the one

shown in Fig. 1 ....

A NOTE ON THE CORRELATION FUNCTION OF

NONINDEPENDENT, OVERLAPPING PULSE
TRAINS

E.D. Banta, IEEE Trans. Inform. Th., vol. IT-10,

no. 2, April 1964, p. 160/161•

Biorci and Mazzetti have found a general
formula for the correlation function of non-

independent, overlapping pulse trains; however,

its application involves considerable mathematical

difficulties in general. This paper shows how
these difficulties can be avoided ....

COMPARISON OF POWER SPECTRAL DENSITY

TECHNIQUES AS APPLIED TO DIGITALIZED

DATA RECORDS OF NONSTATIONARY

PROCESSES, PART I.

G.W. Evans, II, et al., Stanford Research Inst.,

Menio Park, Calif., Sept• 1963, 141 p•,
Technical rept. no. 14, AD 419 493.

• . . discussion of harmonic analysis, power

spectral analysis, stationary and non-stationary

stochastic processes, and a description of

twenty-seven techniques for power spectral den-

sity (PSD) analysis .... Part II of this report

• . . uses the preferred technique to analyze

actual data from recordings of radar backscatter
from missiles•

SPECTRUM OF PERIOD-MODULATED

SINUSOIDA L OSCILLATIONS

L. Ya. II'nitskiy, Radio Engng: Transl. of
Radiotekhnika, vol. 18, no. 6,

June 1963, p. 1/5.

• . . A comparison is made with the spec-

trum of a frequency-modulated signal ....

ENERGY SPECTRA OF GROUP SIGNALS

IN MULTICHANNEL PULSE SYSTEMS

(Translation)

B.R. Levin, et al., Telecommunications and

Radio Engineering. Part I - Telecommuni-

cations, Feb. 1963, p. 1/9.

• . . to determine the effect of 1) data

power spectrum, and 2) system design

parameters on aliasing and data interpolation
error . . .

SPECTRAL DENSITY DISTRIBUTIONS OF

SIGNALS FOR BINARY DATA TRANS-
MISSION

H.J. Pushman, J. Brit. Instu. Radio Engrs.,

vol. 25, no. 2, Feb. 1963, p. 155/165.

CORRELATION FUNCTION AND SPECTRAL

DENSITY OF A QUANTIZED PROCESS

A.I. Velichkin, Radio Engng: Transl. of Radio-

tekhnika, vol• 17, no. 7, July, 1962,
p. 70/77.

THE EFFECTS OF NOISE THROUGH A REC-

TANGULAR-INTEGRATION PROCESS AND

SOME SAMPLED SPECTRA-DENSITY
METHODS

P• R• Westlake, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no. 3, Sept. 1962,
p. 159/175.

• . . the effect of signal plus noise on the

rectangular integration process that.., a

digital integrator might use. The arguments are

case in the form taken by a digital differential

analyzer (DDA) integrator ....

A DIGITAL FILTER FOR SEPARATING HIGH-

AND LOW-FREQUENCY COMPONENTS OF

A TRANSIENT SIGNAL

T.L. Geers, et al., David Taylor Model Basin,

Washington, D.C., Jan. 1964, 39 p.

• . . separates a transient signal into high-

and low-frequency portions and introduces no
phase shifts or amplitude changes in either portion•

A program written in FORTRAN for an IBM 7090

computer which will filter a sampled time-history

record is presented ....

COMPUTER PROGRAMS FOR SPECTRAL

ANALYSIS OF ECONOMIC TIME SERIES.
ECONOMETRIC RESEARCH PROGRAM

H.F. Karreman, Princeton U., N.J., 15 July

1963, i00 p., AD 418 321.

Extension of the theory of energy spectra for

random pulse processes with a determinate time

interval to include pulse group sequences . . • in

a multichannel system with time division of

channels . . . with pulse amplitude, pulse-time,

or pulse-width modulations.

Related Publications:

STUDY AND EXPERIMENTAL INVESTIGATION

ON SAMPLING RATE AND ALIASING IN

TIME-DIVISION TE LEMETRY SYSTEMS

D.G. Childers, I RE Trans. Space Electronics

Telemetry, vol. SET-8, no. 4, Dec. 1962,
p. 267/283.

• . . three progTams. The first program com-

puters power spectra of an arbitrary number of

series• The second program computers power

spectra of up to fourteen series and cross spectra

of every combination of two series in the set. The

third program computes, in addition to the power

and cross-spectra, the multiple and partial cor-

relation of these spectra of sets of up to six

series• Of each of these three programs, there

is a Tukey-Hanning and a Parzen-version . . .

written in the Fortran-lang-uage for a computer of

a little over thirty-two thousand memory loca-

tions . . . In the multiple and partial correlations

subrouting of the third program use has been made

of the facility to perform complex arithmetic

operations on the IBM 7090 . . .
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A METHOD OF CALCULATING COMPLEX

SPECTRA OF IMPULSE FUNCTIONS BY

MEANS OF AN AMPLITUDE ANALYZER

S•A• Kats, (Akademiia Nauk SSSR, Izvestiia,

Seriia Geofizicheskaia, no. 10, 1963,

p. 1544/1553. ) In Russian., Academy of

Sciences USSR, Bulletin, Geophysics Series,

Oct. 1963, p. 932/937, Translation, A64-

14817•

1.414: Sampling Processes

Included: Sampling procedures for sampling statistical populations; Adaptive sampling processes;

Tuned sampling; Unequal probability sampling; Confidence criteria for probability sampling.

Not Included: Sampling of multiplex signals (2); Sampling equipment; Adaptive sampling for re-

dundancy reduction (2); Statistical processing for information compaction (2); Signal conditioning

equipment.

Cross References: Rotation sample design (1•418); Time-jitter in pulse communications systems

(i.410); Sampling theory (i.412); Experimental evaluation of statistical populations (1. 119).

Principal Publications:

A LOW-LEVEL HIGH-SPEED SAMPLING

SYSTEM

J.P. Francis, IRE Trans. Telemetry Remote

Control, vol. TRC-3, no. i, 1.3, April 1957,
p. 1/9.

SAMPLE-AND-HOLD CIRCUITS FOR TIME COR-

RELATIONS OF ANALOG-VOLTAGE

IN FORMATION

W.T. Eddins, 1958, IRE WESCON Conv.

Rec.,pt. 5, 1958, p. 21/26.

ON TIIE ESTIMATION OF THE RELATIVE

EFFICIENCY OF SAMPLING PROCEDURES

J. N. K. Rao, Iowa State U. of Science and Tech.,

Ames, 1958, 10p. (Technicalrept. no. 1.6),

(AROD rept. no. 2934:8), AD 298 772.

OPTIMUM CONTROL THROUGH TUNED

SAMPLING

J.T. Tou, Proc. Nat. Electronics Conf.,
vol. 15, Oct. 1959, p. 290/298.

• . . A sampled-data control system contains

one or more samplers which may operate with

different sampling rates. The sampling rate may
be either constant or variable. It is found that the

control system exhibits optimum performance if the

variable-rate sampler is properly "tuned. " The

system stability may be improved by selecting a

suitable variable rate for the sampler. It is shown

in this paper that when the cyclic-variable sampling

rate is varied the stability boundary describes a
curve which is concave downward, exhibiting a peak

between two limiting values of the cyclic rate.

l,'urthermore, when the system is subjected to a

stochastic input, the mean-square error can be

reduced to a minimum by "tuning" the variable-rate

sampler to an optinmm rate. The optimizing

feature of tuned sampling may be utilized to achieve

self-optimization of control systems.
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STUDY AND EXPERIMENTAL INVESTIGATION

ON SAMPLING RATE AND ALIASING IN

TIME-DIVISION TELEMETRY SYSTEMS

J.W. Capps, et al., Aeronutronic, Newport

Beach, Calif., Final rept., March-Sept.

1961, June 1962, iv. incl. illus., 22 refs.,

(ASD TR 61-553), AD 278 515.

• . • applicable to time-division multiplexed

telemetry systems• In particular, the results

apply to the commonly used PAM-FM, PDM-

FM and PCM-FM telemetry systems .... to

determine typical telemetry data spectra ....

ON A SIMPLE PROCEDURE OF UNEQUAL

PROBABILITY SAMPLING WITHOUT RE-

PLACEMENT

J. N. K. Rao, et al., Iowa State U., Iowa City,

(Harvard U. ), Tech. rept. 1.2, 1962,

16 p., N63-21695.
AN ADAPTIVE DATA SAMPLING SYSTEM

M. Berkowitz, Rec. Nat. Space Electronics

Symp., 1963, no. 4.1.

• . . tests the change in signal level of each

data channel, from one sample to the next,

against a-priori, preprogrammed criteria, and

• . . utilizes the result of this test to limit the

system output to only significantly changed data.

• . . resulting in varying amounts of time being

liberated depending upon the properties of the

signals being sampled. The time thus liberated
can be utilized for the insertion of additional lower

priority data . . . The usability of micro-elec-

tronic techniques to practically accomplish

sophisticated operations of this type is illustrated

by describing a newly designed microelectronie

multiplexer ....

STUDIES IN RESEARCH METttODOLOGY VI. A

SAMPLING STUDY OF THE CENTRAL LIMIT

TIIEOREM AND rllI E ROBUSTNESS OF ONE

SAMPLE PARAMETRIC TESTS

J.V. Bradley, Behavioral Sciences Lab., Aero-

space Medical Div. Wright-Patterson Air Force

Base, Ohio Final rept. March 1963, 305 p.,

AMRL TDR63 29, AD 411 439.
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.... thetimeto operate an instrument control

is likely to have a distribution with a distinctive,

extremely nonnormal shape . . . sampling study

upon a population representing time scores for

the operation of a push button. Ten thousand

samples were drawn at each of the sample sizes,

2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, and

were calculated. The sampling distributions of

Z, t and X squared departed from their normal

theory distributions to a degree which could only
be described as iconoclastic. Even at N = 1024

these departures were quite appreciable at the

testing tails, being greatest for X squared and

least for Z, and becoming worse in all cases

at increasingly extreme tail areas.

A SEQUENTIAL PROCEDURE FOR SUCCESSIVELY
IMPROVING SAMPLING DISTORTIONS

C.E. Clark, System Development Corp., Santa

Monica, Calif., 18 March 1963, 6 p., TM

94253, AD 402 663.

SELECTING SAMPLE RATES

L.W. Gardenhire, ISA Journal, vol. II, April

1964, p. 59/64, 7 refs., A64-17502.

SAMPLES FROM A NORMAL POPULATION-

PROBABILITY INTEGRAL AND PERCENT-

AGE POINT: EXACT CONFIDENCE BOUNDS

FOR SIGMA

It. L. Iiarter, Aeronautical Research Lab.,

Office of Aerospace Research, Wright-Pat-

terson, AFB, Ohio, April 1963, 234 p.,

ARL31, pt. 2, AD412 352.

STOCHASTIC SAMPLING OF A BINARY

RANDOM PROCESS

S.J. Redman, et al., IEEE Trans. Circuit

Theory, vol. CT-10, no. 1, March 1963,

p. 3/24.

• . . Two methods of sampling are considered,

according as an even or odd number of zeros of

the binary process being sampled occur between

successive sampling pulses .... a brief

description of an experimental sampling device

and some results obtained with it, is given.

This paper is envisaged as the first of a

series of three papers dealing with binary

random processes and their application in the

analysis of simple filters containing a randomly

switched parameter•

Presentation of a method for selecting optimum

sampling rates for data reduction systems, using

realistic input data and actual filters. Various

kinds of errors are investigated, such as step

interpolation errors and errors of commission and

omission; the values of these errors are predicted

for several kinds of input data. Traditional

methods of interpolating between samples are ex-

plained, and a method, called computer interpola-

tion, which reduces the number of samples re-

quired, is presented. An experiment to determine

the validity of the method developed for selecting

the proper sampling rates is reviewed.

SINGLE SAMPLING INSPECTIONS PLANS WITH

SPECIFIED ACCEPTANCE PROBABILITY

AND MINIMUM COSTS

A. Hald, Copenhagen U. (Denmark), July 1963,

68 p., AD 416 800 and also AD 416 118.

TIIE COMBINED USE OF PULSE ATTRIBUTES

IN PROTECTED CIRCULAR SIGNALS

Yu. Tomfel'd, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson AFB,

Ohio, 19 Aug• 1963, 25 p°, AD 419 226.

• . . To transmit information concerning the

state of M two-position objects in one signal

(i.e., for circular transmission in a group), it is

necessary to have 2(M) signals, each of which

corresponds to one of the combinations of states

of the objects of the group .... Circular trans-

mission may be accomplished with the aid of

systematic codes by using a sampling method

close to distributional .... protection from

distortions may be realized both by the method

of protective refusal and through error correc-

tion .... In the case of multi-position objects

it is convenient to use incomplete combination
elements.

To design an economical sampling plan it is

necessary to know the costs of sampling inspection,

the costs of wrong decisions, and the quality dis-
tribution of lots submitted for inspection, the prior

distribution. Sometimes it is impossible to specify

the prior distribution in detail but a vague know-

ledge is available which means that not enough is

known to find the Bayes solution and on the other
hand too much is known for the minimax solution

to be satisfactory. The problem then is to choose

a third principle leading to a reasonable solution

THE USE OF SAMPLE RANGES AND QUASI-

RANGES IN SETTING EXACT CONFIDENCE

BOUNDS FOR THE POPULATION STANDARD

DEVIATION. II. QUASI-RANGES OF

Related Publications:

INSTANTANEOUS VALUE COMPANDING IN

PULSE MODULATED COMMUNICATION

SYSTEMS

W. Glaser, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 20 Aug. 1962, 38 p. incl.

illus., 2 refs. (Trans. no. FTD-TT-62-32
from Nachrich-tentechnik, No. 3, P. 106/114,

1961), AD 292 315.

• . . companding values, instantly, of a time

modulated signal which guarantees better utiliza-

tion of the communication system without in-

creasing the necessary frequency band require-

ments . . .
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ONTHEPROBLEMOFTIMEJITTERIN
SAMPLING

A. V. BaIakrishnan,etal., IRETrans.Inform.
Th.,vol. IT-8,no.3, April1962,p. 226/
236.

ONTHENONPARAMETRICESTIMATIONOF•
THEPROBABILITYDENSITY

M.R.Leadbetter,ResearchTriangleInst.,
Durham,N.C., 24May1963,96p., Tech-
nicalrept.no.11,AD415764.

A NEWPULSEMODULATEDSPEECHCOM-
MUNICATIONSYSTEMHAVINGA MINIMUM
DUTYCYCLE

R.O.Eastman,IRETrans.Commun.Syst.,
vol.CS-10,no.1, March1962,p. 114/118.

. . . derivinganoptimumsamplingrate
fromthesesignals.... twoseparateforms
ofinformation,amplitudeandfrequency• . .
resultsoftestsconductedthroughthesystem•

PROBABILITIESOFRANKINGSFORTWO
WIDELYSEPARATEDNORMAL
DISTRIBUTIONS

J.L. Hodges,Jr., etal., StatisticalLab.,U.
ofCalif.,Berkeley,1962,6p., AD414647•

SOMESMALLSAMPLEPROPERTIESOF
CERTAINSTRUCTURALEQUATION
ESTIMATORS

R.E.Quandt,PrincetonU., N.J., 21Dec.
1962,69p., (Researchmemo.no.48),
AD299553•

ALIASINGEFFECTSFROMA SAMPLE-HOLD-
RESAMPLEPROCESS

O°C. Myers,Jr., Rec.Nat.Commun.Symp.,
vol. 9,Oct.1963,p. 87/91.

SEMICONDUCTORSAMPLEANDHOLD
CIRCUITS

D•H. Rodgers,WeaponsResearchEstablish-
ment(Australia),Feb.1963,33p., 4refs.,
N63-17064.

• . . specification:sampletime,15/_scc;
holdtime50_sec;aperturetime,< .1//sec;
accuracy,0.1%of10v....

ONTHECOMPARISONOFTHEMEANSOFTWO
POPULATIONSWITHUNKNOWNVARIANCES

Y.Yao,CarnegieInst.ofTech.,Pittsburgh,
Pa.,Finalrept.Sept.1961-June1962.,
June1963,54p°, AD415002.

. . . usingthemethodof"ApproximateDe-
greesofFreedom." A modifiedversionofthe
Welchmethodisgivenfortheunivariatesitua-
tion,andanextensionis givenfor thegeneral
multivariatesituation....

DISCRETEORTttONORMALEXPONENTIALS
T.Y•Young,etal., Proc.Nat.Electronics

Conf.,vol.18,Oct.1962,p. 10/18.

• . . transformationoforthonormalexponen-
tialsfromthecontinuousformintothesampled
dataform,thatis, thez-transformation....

Thesediscreteorthonormalexponentialsap-
proachtheordinarycontinuousorthonormalex-
ponentialsinthelimit asthesamplinginterval
Tapproacheszero.

HIGHSPEEDSAMPLINGANDDIGITIZING
EQUIPMENTFORPCMTELEMETRY

Nat.TelemetryConf.,May1962,no.7-2,
p. 1/6.

A DIGITALFILTERFORSEPARATINGHIGH-
ANDLOW-FREQUENCYCOMPONENTSOF
A TRANSIENTSIGNAL

T.L. Geers,etal., DavidTaylorModelBasin,
Washington,D.C., Jan. 1964, 39 p. , AD432

277.

. ° ° separates a transient signal into high-

and low-frequency portions and introduces no

phase shifts or amplitude changes in either

portion. A program written in FORTRAN for an

IBM 7090 computer which will filter a sampled

time-history record is presented• Simple

formulas are given for estimating errors in the

filter that are due to sampling and truncation of

the continuous record• Application of the filter

to signals produced by two or more physical
sources is discussed.

1.418: Other Sampling Problems

Included: Nonlinear sampling modulation methods; Companding in time-discrete systems; Space-

time sampling; Selective amplitude sampling; Rotation sample desi_s; Random sampling pro-
cedure•

Not Included: Nonlinear control systems; Redundancy reducing sampling methods (2).

Cross References: Nonlinear pulse code modulation methods (I. 512).
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Principal Publications:

A COMPARISON OF RANDOM AND PERIODIC

DA FA SAMPLING FOR THE DETECTION

OF SIGNALS IN NOISE

D. Middleton, IRE Trans. Circuit Theory,

vol. CT-6, May 1959, p. 234/247.

SELECTIVE AMPLITUDE SAMPLING

L• R• Spogen, Jr•, et al., Applied Research

Lab., U. of Arizona, Tucson, Final rept.,

Jan. 1961, 30 p., (Supplement no. 1 to

AD 210 550), (Supplement no. 1 to AEPG-

SIG 960-73), AD 258 642.

• . . may be used in rf transmission in the

form of pulse amplitude modulation, pulse

duration modulation, or pulse position modu-

lation. The techniques that may be used to obtain

these modulation forms are discussed. A pre-

liminary discussion of noise properties that will

produce a degradation if intelligibility and quality

of the signal in these basic forms is included•

ROTATION DESIGNS FOR SAMPLING ON

REPEATED OCCASIONS• (Technical Rept. 2.1)

J.N.K. Rao, et al., Iowa State U. of Science

and Tech., Ames, 1963, 24 p., 7 refs.
N63-17385.

RECOVERY OF RANDOMLY SAMPLED TIME

SEQUENCES (Correspondence)

C.S. Lorens, IRE Trans. Commun. Syst.,

vol. CS-10, no. 2, June 1962, p. 214/216.

• . . Normally, the sampling sequence is

periodic . . . Yen points out that certain de-

viations can be made from the periodic structure

without destroying the ability of perfect recovery.

In coded communication systems the times of

channel availability are random .... This paper

considers the noise and recovery problem

associated with a random sampling of a continuous

time sequence ....

TIME QUANTIZATION OF A SIGNAL OF FINITE

AREA (Translation)

M.V. Rybashov, Telecommunications and

Radio, Engineering. Part II - Radio

Engineering, Dec. 1962, p. 11/14, A63-
19202.

Derivation of an upper limit for the frequency
of time quantization of a signal of limited area

and spectrum . . .

A TWO-STATE MODULATION SYSTEM

A.G. Bose, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge, 1963,

10 p., AD 423 294.

A modulation system that converts a con-

tinuous signal into a two-state signal, and has

the property that the modulating can be re-

covered by lowpass filtering.., combines

aspects of frequency and pulsewidth modulation
in a manner that enables its realization in terms

of a simple closed-loop system having a non-

linear forward path and a linear passive feedback

path .... Applications to high-efficiency power

amplification, nonlinear control, and low-fre-

quency data recording are presented.

INSTANTANEOUS VALUE COMPANDING IN

PULSE MODULATED COMMUNICATION

SYSTE MS

W. Glaser, Air Force Systems Command,

Wright-Patterson AFB, Ohio Foreign Tech-

nology Div., Sept. 19, 1963, 39 p., 2 refs.,

(Transl. into English from Nachrichtentechnik,

no. 3, 1961, p. 106/114) (FTD-TT-62-32/1+2),
N63-23377, AD 420 608.

• . . A method is described for instantly
companding the values of a time-modulated

signal . • . Improvement of various communica-

tion system parameters are obtained by pre-

emphasis on the transmitter side and an adequate
distortion-correlation on the receiver side . . .

The values of signal-to-noise ratio improvement,

made available by the method described are
derived . . .

GENERALIZED COMPOSITE AND MULTI-

COMPONENT ESTIMATORS IN ROTATION

SAMPLE DESIGNS (Technical Report 2.2.)

J.E. Graham, Iowa State U., Ames, 1963,

25 p., 10 refs., N63-19803.

A unified approach to the problem of sampling

on successive occasions employing a fixed rotation

design in a finite population has been previously

developed by Ran and Graham (Technical Report

2.1 entitled "Rotation Designs for Sampling on

Repeated Occasions• ") In the present study a

generalization is obtained for the composite esti-

mator of the previous Rao and Graham study.

SPACE-TIME SAMPLING AND LIKELIHOOD

RATIO PROCESSING IN ACOUSTIC PRES-

SURE FIELDS

P.L. Stocklin, J. Brit. Instn. Radio Engrs.,

vol. 26, no. 1, July 1963, p. 79/91.

• . ° based on a three-dimensional Whitaker

sampling function ° • . Two examples are

treated: the one-dimensional resolution problem

for Gaussian signal in Gaussian noise, and the

space -time likelihood ratio processor for signal

known exactly in Gauss and Markov-Gauss noise•

Related Publications:

STABILITY STUDY OF PULSE-WIDTH MODU-

LATED AND NONLINEAR SAMPLED-DATA

SYSTEMS

T. Nishimura, Electronics Research Lab., U•

of Calif., Berkeley, 4 April 1961, 68 p.,

incl. illus., 33 refs., AD 273 858.

ANALYSE DES SYSTEMES A INFORMATIONS

DISCRETES A L'AIDE DU CONCEPT DE

VECTEUR SEQUENCE (Discrete Information

System Analysis Employing the Vector

Sequence Concept) (In French)

R.J. Boudarel, et al., Academie des Sciences

(Paris), Comptes Rendus, vol. 256, no. 7,

11 Feb. 1963, p. 1465/1468, A63-17397.
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Linearandnonlineardiscreteinformation
analysisbasedonavectorsequenceanalogy.

ROTATIONALTRANSFORMATIONOFSIGNALS
G.R.Lang,IEEETrans.Inform.Th•,vol. IT-9

no.3, July1963,p. 191/198.

A codingprocedurebasedonarotational
transformationis appliedtoreducetheeffectof
non-Gaussianimpulsenoiseinsampleddata
communicationsystems.

STOCHASTICLINEAREQUIVALENTSOFCLOSED
LOOPSYSTEMS

J.A. Warshauer,MicrowaveResearchInst•,
PolytechnicInst.ofBrooklyn,N.Y., 15
May1963,72p., Researchrept.no.PIBMRI-
116763,AD411316•

• • • Theareaofstudyis restrictedtoaclass
ofm-thorderdiscretetimenonlinearsystems
withwhiteGaussianzeromeanstochasticinputs.

ABSOLIUTNAIA USTOICHIVOST' PO LOZ HENIA

RAVNOVESIIA I PROTSESSOV V NELINEINYKH

IMPUL'SNYKH AVTOMATICHESKIKH

SISTEMAKH (Absolute Stability of the State of

Equilibrium and Processes in Automatic Non-

linear Sampled-Data Systems) (In Russian)

In. Z. Tsypkin, Avtomatika i Telemekhanika,

vol 24, Dee. 1963, p. 1601/1615, 14 refs.,

A64-13117.

Generalization of a previously derived

criterion . . . extended to cover systems having

a nonstcady characteristic of the nonlinear ele-

ment and a steady or unsteady linear pulse unit

• . . applied to several examples.

Section 1.42

Pulse Amplitude Modulation

This method is one of the oldest telemetry methods for time-shared, mechanically commutated telemetry

systems. Most publications dated prior to 1958 are not included• Time division multiplexing as such will be
discussed in volume 2 of this series. The fundamentals of amplitude modulation are included in section 1.22

in this volume. Equipment descriptions of PAM space telemetry systems are not the subject of this bibliog-

raphy, but some selected references are included below under "related publications".

We consider multi-level pulse amplitude modulation as a digital data system and not as a sampled modula-

tion system. It is placed in 1.325 and in 1.518 as a multi-level PCM system.

1.420: Pulse Amplitude Modulation Methods (PAM)

Included: Intersymbol interference in PAM systems; Resolution and telemetry accuracy in PAM.

Not Included: PAM telemetry equipment; PACM hybrid multiplex telemetry systems (2); PAM-PDM

modulation converters_ Time division multiplex systems in general (2).

Cross References: Multi-level AM data systems (1. 325); Multi-level PCM systems (1. 518): PAM-FM

systems (1. 933); PAM-FM-AM systems (1. 950).

Principal Publications:

SOME METHODS OF ERROR SIGNAL DETEC-

TION IN PAM-SYSTEMS FOR MULTIPLEX
TRANSMISSION OF SYNCHRO DATA

O. Carlstedt, IRE Trans. Telemetry Remote

Control, vol. TRC-2, no. 1, March 1956,

p. 2-4.

• . . to transmit synchro data over a two-

wire line or radio link . . . using time divi-

sion multiplex . . . transmitted as pulse trains

representing the sine and cosine of the shaft

angles of the synchro transmitters. This

paper discusses various methods of producing

the servo error signals from the information in
the received pulse trains.

EFFICIENCY AND RECIPROCITY IN PIILSE-

AMPLITUDE MODULATION: PART I,

PRINCIPLES

K. W. Cattermole, Proc. Instn. Elect. Engrs.
(GB), Part B, vol. 105, Sept. 1958, p. 449/462
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EFFICIENCY AND RECIPROCITY IN PULSE-

AMPLITUDE MODULATION: PART 2,

TESTING AND APPLICATIONS

J. C. Price, Proc. Instn. Elect. Engrs. (GB),

Part B, vol. 105, Sept. 1958, p.463/470.

UBER DIE ERREICHBARE GENAUIGKEIT

BEI PULSAMPLIT UDENMOFU LATION

UND PU LS I._NGE NMODU LA TION

MIT TRANSISTOREN (On the Accuracy

in PAM and PWM When Applying

Transistors) (In German)

E. Schenck, Nachrichtentech. Zeitsch., vol. 11,

April 1958, p. 191/196.

ENERGY OPTIMAL CONTROL FOR PULSE

AMPLITUDE MODULATED LINEAR TIME-

INVARIANT SAMPLED-DATA SYSTEM

C. Lee, etal., Electronics Research Lab.,

U. of Calif., Berldey, 27 April 1962, 24 p.,

Series 60, Issue 447, AD 418 236
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DEPENDENCYOFCROSSTALKONUPPER
ANDLOWERCUTOFFFREQUENCIESIN
PAMTIME-MULTIPLEXEDTRANSMISSION
PATHS

H. M. Straube,IRETrans.Commun.Syst.,
vol. CS-10,no.3, Sept.1962,p. 268/276.

CERTAINRESULTSINPULSETRANSMISSION
THEORY

D. W.Tufts,CruftLab.,HarvardU.,
Cambridge,Mass.,5Feb.1962,43p. incl.
illus., 26refs., (Technicalrept.no.355)
AD275564.

• . . problemofcontrollingintersymbol
interferenceandadditivenoiseinterferenceina
certaintypeofpulsetransmissionsystem. . .
amplitudemodulated,periodicpulsetrain. . .
Atthereceiver,theamplitudeofeachtrans-
mittedpulseis estimatedbyperforminga
weightedintegrationofthereceivedwaveform.
A pulsecodemodulationlinkis aspecialcase
of suchasystem....
METODYRASCHETAI SINTEZAIMPUL'SNYKH

AVTOMATICHESKIKHSISTEM.II (Methodsof
CalculationandSynthesisforAutomatic
Sampled-DataSystems.II) (InRussian)

E.G.Gol'shtein,etal., Avtomatikai
Telemekhanika,vol. 24,Dec.1963,p. 1643/
1659,A64-13118.
Applicationofmathematicalprogramming

methodstothecalculationandsynthesisofPAM
automaticsampled-datasystems•Theanalysis
is limitedtothecasewherethelimitingcon-
ditionsapplyonlytotheupperandlowerbounds
ofeachcontrolresponse.A solutionisobtained
byamethodduetoBeale,inwhichthevariables
thatdonothavetheirlimit valuesareexpressed
throughtheremainingvariablesandcertain
parameters....

Related Publications:

A PAM/PDM DECOMMUTATOR WITH IM-

PROVED SYNCHRONIZATION IN

PRESENCE OF NOISE

E. D. Heberling, et al., IRE WESCON Cony.

Rec., no. 5, Aug. 1958, p. 5/13.

NOLC PAM/PDM DECOMMUTATOR

M. G. Pawley, Naval Ordnance Lab., Corona,

Calif•, NOLC Tech. Memo No. 73 27, Sept.
1958, p. 1/6, AD 208 449.

A HIGH CAPACITY PAM-FM-FM TELEME-

TERING SYSTEM FOR THE SATURN

BOOSTER

O. B. King, Nat. Symp. Space Electronics

Telemetry, no. 7.1, Sept. 1959, p. 1/10.

A S/N IMPROVEMENT FACTOR ON PAM-FM

WttOSE RECEIVED PULSE IS COSINE-

SQUARED (Correspondence)

A. Watanabe, Proe. IRE, vol. 48, no. 2,

Feb. 1960, p. 257/258.
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ANALYSE VON LINEAREN NETZWERKEN
MIT HAARD-SVALA-SCHA LTERN

(RESONANZ UBERTRAGUNG) (Analysis

of Linear Networks with HAARD-SVALA

Switches (Resonance Transfer)) (In

German)

G. Kraus, Arch. Elekt. Uebertragung, vol. 16,

Dec. 1962, p. 611/626.

Referring to publications of Cattermole and

Desoer the author works out general fundamen-

tals for the analysis of linear networks with

Haard-Svala gates under the assumption that

all gates are operated at the same on/off rate

and with a vanishing on/off ratio. Examples

explain the application of the method• The

analysis starts from the behavior of linear net-

works with respect to amplitude-modulated

pulse trains• The well-known forms of a

mathematical statement of the behavior are

intereompared and brought to agreement in
order to facilitate the transition from one to

the other ....

PRACTICAL DESIGN OF PACM TELEMETRY

EQUIPMENT

G. J° Pastor, Nat. Telem. Conf., no. 13-4,

May 1962, p. 1/13.

• . . hybrid Pulse Amplitude and Pulse

Code Modulation . . . Feasibility Model . . .

A DETERMINISTIC STUDY OF DELTA

MODULATION

C. A° Halijak, et al•, IEEE Intern• Conv. Rec.

Pt. 8, vol. 11, March 1963, p. 247/259.

• . . This paper views delta modulation as

a hybrid PDM/PAM system. A nonlinear feed-

back model is constructed and subjected to

digital computation on an IBM 650 ....

DATA TRANSMISSION AND TRAJECTORY

DETERMINING DEVICES FOR RESEARCH

ROCKETS AND SATELLITES. (VOLUME I)

I. S. Rochefort, et al., Northeastern U.,

Boston, Mass., Electronics Research Lab.,

,June 30, 1963, 76 p., 7 refs., Final Report,

(AFCRL-63-821 (1)), N63-21719.

• . . a duel triggered parallel-read com-

mutator for an aspect system; the development

of a PAM/FM system; a reentry physics pro-

gram concerned with using Trailblazer vehicles

to measure the effects of the plasma sheath on

communications • . . program for the evaluation

of commercial airborne telemetry system

equipments . . . test procedures and equip-
ment tested•

TIME-DIVISION-MULTIPLEX ELECTRONIC

TELEPHONE EXCHANGE SYSTEM FOR

SMALL PAX

K. Toyoda, et al., IEEE Trans. Commun.

Electronics, no. 68, Sept. 1963, p. 455/464.

• . . An experimental time-division-multiplex

electronic telephone exchange on a 200-1ine 4-

wire PAM (pulse amplitude modulation) system

is described .... For reliable operation,

common and multiplexed circuits are duplicated,

and fault detection and change-over operation

are explained•
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Section 1.43

Sampled Frequency Modulation Methods

There are basically two frequencies in pulsed carrier systems which can be continuously modulated, the

carrier (or subcarrier) frequency of the sinusoidal wave and the pulse repetition frequency (PRF) of the time

discrete pulse trains• The first alternative has gained importance as PFM in space telemetry (1.432).

Many of its problems are closely related to corresponding FM problems• The second alternative is often

used in certain radar applications and key publications in this area date back to the time prior to 1958.

Nevertheless a special subdivision has been established to document the fundamentally different characters

of these two methods• PRF modulation is also closely related but is still different from pulse interval

modulation (PIM) (see 1.444).

1.432: Pulse Frequency Modulation (PFM)

Included: Two state modulation system PWM-PFM; Pulse.

Cross References: Binary frequency shift keying methods (1. 332);

Fundamentals of frequency modulation (1. 232); Pulse delay modulation

(1. 433); PFM/AM systems (1. 950); FSM = frequency slope modulation (1. 920).

Principal Publications:

CONCERNING THE NOISE STABILITY OF

PULSE-FREQUENCY TELEMETRY

N. V. Pozin, Automation Remote Control, vol. 19,

Oct. 1958, p. 948/957.

A STATIC TRANSMITTER UNIT FOR PULSE-

FREQUENCY TELEMETERING SYSTEMS

A. M. Pschenichnikov, Automation Remote Control,

April 1958, p. 485/489.

CHOICE OF FREQUENCY RANGE FOR INDUS-

TRIAL PULSE-FREQUENCY TELEMETRY

SYSTEM DEVICES• (In Russian)

A. M. Pshenichnikov, Avtomat i Telemekh. (USSR)

vol. 21, no. 4, April 1960, p. 525/529.

Considers the effect of frequency range of

pulse-frequency telemetry system devices on the
errors and noise resistance of transmission, speed

of action, and receiver dynamics•

AN ACCURATE DISCRIMINATOR FOR DEMOD-

ULATION NOISY PFM TELEMETRY SIGNALS

B. Harris, et al., Rec. Nat. Symp. Space

Electronics Telemetry, Oct. 1962, no. 3.3.

• . . consists of a band of relatively closely

spaced bandpass filters, each of which is followed

by an envelope detector. By means of decision

circuitry, the center frequency of the filter-

detector combination having the greatest output

is selected as the frequency of the PFM pulse.

• . . little attention has been given to designing

the discriminator for optimum performance when

the input signal is masked by noise• When doing

so, three parameters must be considered:
1. Number of filters

2. Type of each filter
3. Bandwidth of each filter

A technique is given for tile design of all optinmm

filter bank with respect to detected signal-to-noise
ratio and resolution ....

TIIE USE OF PULSE-FREQUENCY MOD-

ULATION FOR ADAPTIVE CONTROL

G. J. Murphy, et al., Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 271/278.

PULSE-FREQUENCY MODULATION

R. W. Rochelle, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 2, June 1962,

p. 107/111.

Pulse-frequency modulation (PFM) has

been successfully employed as the encoding

technique in a number of small U. S. Earth

satellites where reduction of power and weight

are prime considerations. This paper is
concerned with the introduction of some of

the more basic principles of PFM. Rather

than presenting a rigorous proof on the orthog-

onality of this type of modulation, a compar-
ison is made to the better-known eharaeteris-

tics of coded binary sequences. It is shown

that PFM with quantized frequeneies has the

same communication efficieney in the presence
of additive white Gaussian noise as a eor-

responding set of coded binary sequences

with an equal number of quantized levels.

• . . Vanguard III...earrying a combination

of pulse-duration modulation and PFM.

Similar systems were carrier by Explorer

VII...and by Explorer X...Explorer XII

carried the first truly PFM system into a

highly elliptical orbit with an apogee of

50,000 miles ....

PFM SIGNAL PROCESSING

C. M. Stout, Proc. Nat. Telem. Conf., vol. 2,

May 1962, no. 3-5.

• . . problems presented to the ground

processing system through the use of several

variations of the basic PFM system• . . Since

this particular type of modulation is relatively

new, off the shelf items were not available...

Ground Processing of Explorer XII Signals...

CONSIDERATIONS ON TItE DESIGN OF PFM

TELEMETRY ENCODERS

ft. D. White, Jr., Proe. Nat. Telem. Conf.,

no. 3-4, May 1962, p. 1/24.

• . . Pulse Frequency Modulation (PFM) is a

time-division-multiplex telemetry system• . .

Several encoders will be discussed (e.g., Explorer

XII, the UK-1, and a general purpose digital data

processor).
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AoTWO-STATEMODULATIONSYSTEM
A. G.Bose,ResearchLab.ofElectronics,Mass.

Inst.ofTech.,Cambridge,1963,10p.,AD
423294

. . . combinesaspectsoffrequencyandpulse-
widthmodulationinamannerthatenablesits
realizationin termsofasimpleclosed-loop
systemhavinganon-linearforwardpathanda
linearpassivefeedbackpath...
PFMSIMULATOR
H. Levy,etal., NASAGoddardSpaceFlight

Center,Greenbelt,Md.,Sept.1963,41p.,
N64-12946.

ApulseFrequencyModulation(PFM)simulator,
constructedtoassistinthedesignandcheckout
ofPBMequipment,isdescribed•. o

A MAGNETICCOREVOLTAGE-TO-FREQUENCY
CONVERTER

S.Paull,IEEETrans.SpaceElectronicsTele-
metry,vol.SET-9,no.1, March1963,
p. 12/18.

InaPulseFrequencyModulation(PFM)tele-
meteringsystem,thereis aneedfor asubcarrier
oscillatorwith.., squarewaveoutputwithconstant
amplitudeovertheentirefrequencyrange,. . .
Thispaperdescribesamethodfor controllingthe
frequencyofasquare-loopmagneticcore
oscillatorbymeansofadevoltagetogivea
voltage-to-frequencyconverterwiththeabove
characteristics.... avoltagecontrolled
oscillatorthatoperatesfrom15to5kcasthe
inputcontrolvoltagevariesfrom0to+5voltsis
usedasthedesignexample.... Designexpe-
riencewiththisdevicehasbeenchieflyinconnec-
tionwith...ExplorerVIII, . . .ExplorerX...
ExplorerXII, andthefirst InternationalSatellite
UK-1....
PULSE-FREQUENCYMODULATIONTELE-

METRY
R. W.Rochelle,Proc.Intern.Telem.Conf.,

vol. 1,Sept.1963,p. 438/446,AlsoN63-
12695•

• . . aninformationencodingtechnique
whichhasfounduseinanumberofspacecraft.
Theprimaryadvantageshavebeenits noise-
immunitycharacteristicscombinedwithits
easeofgeneration•Adescriptionofthe
presentmethodofformattingandsynchroniza-
tionispresentedtoillustratetheconvenient
handlingofbothanaloganddigitaldata. In
thedetectionprocessfor PFMsignals,a
setofcontiguousunmatchedfiltersis used
toenhancethesignal/noiseratio• Toexamine
theeffectsofRayleighnoiseontheoutputof
thesefilters,theword-errorprobabilityis
derivedasafunctionoftheenergyperbit,
thenoisepowerdensity,andthedegreeof
coding....
THEPROBABILITYOFERRORFOR

LARGEST-OF-SELECTIONBYNUMERICAL
INTEGRATION(Correspondence)

R.C. Sommer,Proc.IEEE,vol.51,no.1,
Jan.1963,p. 236.
AnarticlebyWard...wasrecently

published.It maybeofinterestthatasimilar
analysishadbeenperformedatNewYork
Universityfor evaluatingvariousPFM(pulse-
frequencymodulation)spacetelemetryschemes•

Related Publications:

A PULSE MODULATOR THAT CAN BE

USED AS AN AMPLIFIER, A MULTIPLIER,
OR A DIVIDER

J. A. Rosenthal, IEEE Trans. Instrumentation

and Measurement, vol. IM-12, Dec. 1963,

p. 125/134, A64-17346.

• . . operates by continuously sampling the

input signal. The output of the modulator is a

pulse train whose frequency and pulse duration

vary with the input signal. The modulator can

respond instantaneously to a change in the

input signal. It is capable of both proportional

and on-off control and may be used as an

amplifier, a multiplier, or a divider, or any
combination of these three• . .

1. 433: Pulse Repetition Rate Modulation

Included: Pulse delay modulation; Pulse period modulation;

Pulse repetition frequency modulation; Pulse number modulation.

Not Included: PRF radar problems.

Cross References: Delta modulation (Sect. 1.53); Pulse interval

modulation (1. 444); Pulse position modulation (1. 442).

Principal Publications:

A NEW METHOD FOR DELAY-MODULATING

A PULSE TRAIN

L. I. Bluestein, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 28 May 1963, 12 p.,

AFESD TDR63 64, AD 406 108.

A new circuit for obtaining pulse frequency

modulation (which is equivalent to pulse delay

modulation) is derived... A practical implement-

ation of the circuit is shown...

SPECTRUM OF PERIOD-MODULATED

SINUSOIDAL OSCILLATIONS

L. Y. I1'nitskiy, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 6, June 1963,

1963, p. 1/5.
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• . . A comparisonismadewiththespec-
trumofafrequency-modulatedsignal.For
RCoscillatorsthereexistsa linearrelation-
shipbetweentheoscillationperiodTandthe
valuesofthecircuitelementsthemagnitude
ofwhichdeterminestheperiod... Thelinear
relationshipbetweentheperiodandtheparam-
eters,themagnitudeofwhichcanbevariedby
meansofthemodulatingvoltageimpliesthat
forperiod-modulationit ispossibletohavea

largedepthofmodulationwithoutanynon-
lineardistortions....

Related Publications:

THE ACCUMULATION OF PULSE SIGNALS

THE REPETITION FREQUENCY BEING

UNSTABLE

M.I. Finkel'Shtein, Radio Engrg., vol. 15,

no. 2, 1960, p. 67/72.

Section 1.44

Pulse Time Modulation Methods

This section comprises pulse modulation methods which, to some extent, may be called the pulse versions

of phase modulation methods. Their common aspect is the continuous modulation of some parameter in the
time domain•

If one uses a rectangular envelope of a sinusoidal carrier as an ideal model for a pulse communications

system, it is easy to see that there are a number of time domain parameters which may be continuously
modulated.

Most characteristic is the'epoch" of the pulse, i.e., its position on an absolute time scale. This is

normally characterized by the appearance of the pulse energy at a particular time instant. This can be

measured as the occurrence of the pulse peak power with respect to a local time response. In Europe,

methods with these characteristics are also called pulse phase modulation. We discuss them in
subdivision 1. 442.

Another time domain parameter is the length (duration or width) of the rectangular pulse leading to PWM

systems (1. 443).

If two or more pulses form a pulse group, it is easy to see how the intervals between pairs of pulses can

be used to carry modulation (1. 444).

In all the above methods, it is assumed that the amplitude of the rectangular pulse is constant and does

not carry any modulation. If this assumption is dropped one may arrive at hybrid modulation systems,
some of which are included in division 1.9.

Additional pulse time modulation systems are conceivable when using a tone modulation of the envelope

of the rectangular pulse. This leads to tone-burst signals, or ac-pulses. The phase of the tone signal

with respect to the epoch of the pulse is a new parameter which can be modulated in such cases• No
special publications in this area have yet come to our attention.

1.440: Pulse Time Modulation in General

Included: Companding methods in PTM systems; Analysis of disturbances common to all PTM
methods•

Not Included: Synchronization problems in PTM.

Principal Publications

CONCERNING THE MULTIPLEXING OF

RADIO LINKS WITtt PULSE TIME

MODULATION AND FREQUENCY
MODULATION OF THE RF CARRIER

(In German)

R. Eberman, Nachrichtentech., vol. 10,

March 1960, p. 95/103.

DIE BEEINFLUSSUNG DER PULSZEIT-

MODULATION DURCH EINE FRE-

QUENZMODULATION DES tfOCIt-

FREQUENTEN TI_GERS (The Effect

of Frequency Modulation of the RF-
Carrier on the Performance of a

Pulse Time Modulation Sigmal)(In German)

R. Ebermann, tlockfrequenz. Techn.

Elek. Akust, vol. 67, Sept. 1958, p. 48/59.

INSTANTANEOUS VALUE COMPANDING IN

PULSE MODULATED COMMUNICATION

SYSTEMS

W. Glaser, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 20 Aug. 1962, 38 p.

incl. illus., 2 refs. {Trans. no. FTD-TT-

62-32 from Nachrichtentechnik, No. 3,

p. 106/114, 1961), AD 292 315.

• . . companding values, instantly, of a

time modulated signal which guarantees better

utilization of the communication system without

increasing the necessary frequency band
requirements ....
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NOISEIMMUNITYOFPULSE-TIME
MODULATIONIN THEPRESENCE
OFINTENSEFLUCTUATIONNOISE

O.A.Polyakov,RadioEngng:Transl.
ofRadiotekhnika,vol.18,no.5, May
1963,p. 36/43•

• . . fortwomethodsofreceptionunder
conditionsofintensefluctuationnoisefor a
giventransmissionrateandaccuracy.It is
shownthattheuseofareceiverwith
instantaneouslimitingthresholdgivesan
improvementbyafactorof1.15-1.7,
dependingonthebandwidthoccupiedbythe
signal....
HYBRIDDIGITALANALOGPULSE-TIME

TECHNIQUES FOR FLIGHT CONTROL
SYSTEM COMPUTERS

W.R. Seegmiller, IEEE Trans. Commun.

Electronics, no. 68, Sept. 1963,

p. 498/503.

Related Publications:

A NEW PULSE MODULATED SPEECH

COMMUNICATION SYSTEM HAVING

A MINIMUM DUTY CYCLE

R.O. Eastman, IRE Trans. Commun.

Syst., vol. CS-10, no. 1, March 1962,

p. 114/118.

• . . The system provides adequate

naturalness of speech while maintaining a

quantized sampling rate which is proportional
to the information bandwidth ....

generating infinitely clipped signals . . .

deriving an optimum sampling rate from

these signals .... two separate forms

of information, amplitude and frequency,

are conveyed by a time modulated pulse ....

results of tests conducted through the

system ....

1.442: Pulse Position Modulation (PPM)

Included: Autocorrelation of PPM signals; PPM vernier on PCM systems; Bandwidth limitations

for PPM; Pulse phase modulation methods.

Cross References: Pulse interval modulation (1. 444).

Principal Publications :

A STUDY OF THE PULSE-PHASE-

MODULATION INSTALLATION

R. Kaenel, et al., Tech. Mitt. PTT,

vol. 36, Jan. 1958, p. 1/12.

A comparison of the PPM system with

other modulation systems, and a description

of a model installation for four telephony

channels.

COMPARISON OF PCM AND PPM FOR

RADAR COMMAND

S• Kazel, Proc. Nat. Symp. Telemetry,

no. 9.3, Sept. 1958, p. 1/12.

• . . For PCM, it is shown that when the

effects of both quantization noise and noise

breaking through the receiver threshold are

considered, there is optimum number of

pulses which results in maximum S/N

improvement. For PPM, it is shown that

when both edge-shift noise and noise

breakthrough are considered, there is an
optimum deviation that maximizes the

output S/N ratio .... under the assumed

system limitations, PPM is superior to PCM

in regard to maximum reliable range, S/N

improvements, and minimum required

bandwidth ....
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A PULSE POSITION TELEMETRY SYSTEM

L. Weisman, et al., IRE Nat. Cony. Rec.,

vol. 6, pt. 5, March 1958, p. 11/20; Proc.

Nat. Aeron. Electronics Conf., vol. 7,

May 1959, p. 218/227.

PULSE PHASE MODULATED RADIO LINK

EQUIPMENT RVG 934

L. Janke, Nachrichtentech., vol. 10, March

1960, p. 103/108.

ANALYSIS OF A PCM SYSTEM EMPLOYING

A PPM VERNIER

W.H. Lob, IRE Trans. Commun. Syst.

vol. CS-9, no. 9, Dec. 1961, p. 343/349.

The upper limit to the output SNR of

sampled-data PCM systems is set by the

quantization noise. The present study ....

overcoming this limitation by employing

time shifting of the PCM pulse groups so

as to constitute an analog encoding of the

difference between the sample amplitude and

the nearest quantization level.

A MULTI-CHANNEL PERSONAL TELEMETRY

SYSTEM USING PULSE POSITION

MODULATIONS

Proc. Nat. Telemetering Conf., May 1961,
p. 12-13/12-27,



1.442 °

SOMEEFFECTSOFBANDWIDTH
LIMITATIONONP.S•M., P.L.M.,
ANDP•P.M.SIGNALS

J. Das,Proc.Instn.Elect.Engrs.
Lond.(PartC),vol. 109,no.16,
Sept.1962,p• 646/655,23refs.

A comparativestudyhasbeenmadeof
theeffectsofbandwidthreductiononsuch
importantparametersassidebandand
harmonicdistortions,crosstalkattenuation
andmessage/noiseratios,inpulse-slope
modulation,pulse-lengthmodulationand
pulse-positionmodulationsystems....

AUTOCORRELATIONOFPULSEPOSITION
MODULATEDSIGNALS

N•G•Gionis,Air ForceInst.ofTech.,
Wright-PattersonAir ForceBase,Ohio,
Mastersthesis,Dec.1962,65p. incl.
illus,tables,10refs. (Rept.no•GE/
EE/62-7),AD294922.

ASYMMETRICALSIDEBANDTRANSMISSION
OFPOSITIONMODULATEDPULSES

G•I.Lukatela,IRE Trans.Commun.Syst•,
vol•CS-10,no•1, March1962,p. 102/
108•

• • . It is shownthatthesynchronously
detectedcomponentoftheenvelopeofan
asymmetricallytransmittedimpulsecan
possessasteeperslopethantheenvelope
itselfandthatover-alltransienttimeof
thiscomponentmaybereduced.... The
effectofvariousdegreesoftransmission
asymmetryis calculatedfor "squaredcosine"
typetransmission-frequencycharacteristics•
Theconclusionisreachedthatfor agiven
channelcapacityanasymmetricalsideband
transmissioninPPMsystemsshouldbe
distinctlysuperiortoasymmetrical
one ....

RESEARCH AND DEVELOPMENT ON

PULSE-MODULATED, PERSONAL-

TELEMETRY SYSTEMS (Report Period,

Jan. 1961-July 1963. )

A.R. Marko, et al•, Aerospace Medical

Div. Aerospace Medical Research Labs.,

Wright-Patterson AFB, Ohio, Oct. 1963,

23 p., refs., (AMRL-TDR-(;3-96), AI) 425
574, N64-13_04.

• . . pulse-position and pulse-duration

modulation for application in personal

telemetry systems . . . an improved three-

chamml pulse-position amplitude-modulation-

telemetry system with frequency modulation

in the FM baud. Further exl)erimentation

resulted in a seven-chalmel laboratory mode

using pulse-duration modulation . . . New

microeleetronie components make it feasible
to reduce the size of the seven-channel

transmitting unit to 3 1/2 by 2 1/4 by 1 inch,

and the weight to about 200 g, without

sacrificing performance.
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Related Publications :

A 45 CHANNEL PPM SYSTEM

S• Schreiner, et al., IRE Nat. Cony. Rec.,

vol• 6, March 1958, p. 225/229.

MODULATIONSEINRICHTUNG PPM 24 MIT

KE NNTON-SYNC HRONISATION (Modulator

Equipment PPM 24 with Pilot Tone

Synchronization) (In German)

H•M. Christiansen, et al., Frequenz, vol. 13,

Feb. 1959, p. 44/52•

PORTABLE MULTIPLEXER FOR TELEPHONE

COMMUNICATIONS

P•W. Kiesling, Jr., Electronics, vol. 32, no. 9,
Jan. 1959, p. 60/62•

• . . four channel PPM multiplex. Amplitude

modulation of a microwave radio system.

BEACON TELEMETERING SYSTEM

R• C• Pegg, Stavid Engineering, Inc., Plain-

field, N .J., Final rept. 1 June 1954-1

June 1959, AD 228 017.

• . . a pulse-position modulation system that

relays specified information from an in-flight

missile to ground receiver equipment.

PPM 60--A TRANSISTORIZED PPM SYSTEM

FOR 60 CItANNELS (In German)

II.M. Christiansen, et al., Nachrichtentceh.

Zeitsch., vol. 13, Aug. 1960, p. 392/399.

MICROMINIATURE MULTICIIANNEL PULSE-

POSITION-MODULATION SYSTEM INCOR-

PORATING TRANSISTOR-MAGNETIC-

CORE CIRCUITRY

H. Kihn, et al., RCA Rev., vol. 21, no. 2,

June 1960, p. 199/227.

An experimental five-channel time-division

multiplex system . . . incorporating a micro-

miniature transistor-core ring counter for both

the transmitter modulator and receiver sampler

• . . The sampling rate used in the system is

15 kilocycles with an upper lirnit set only by the

transistor and core high-frequency cutoff.

Channel cross talk as low as -40 decibels may be

obtained by suitable adjustment of operating

parameters .... Power consumption is

approximately 200 milliwatts at the 15-kilocycle

rate. Linearity is adequate . . . for voice
communication . . .

A PULSE-POSITION MODULATOR-TYPE

MAGNETOMETER

S. Stricker, et al., Commun. Electronics,

vol. 80, no. 55, July 1961, p. 253/258.

I:LECTRONIC EQUIPMI']NT INTERFERENCE

CIIAIL{CTERISTICS - COMMUNICATION
TYPE

R.N. Bailey, et al., Georgia hast. of Teeh.,

Engineering Experiment Station, Atlanta,

15 Feb. 1963, 134p., AD 401 132.
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Band-width and crosstalk tests and test

procedures developed for the pulse-position

modulated, time-division multiplexer AN/

TCC-13 . . . The system error rate test
is presented in detail . . . results of mixer

studies . . . spurious response bandwidth

is found to be inversely proportional to the

integer 'q' in the spurious response equation.

PULSE POSITION MODULATION CODE FOR

THE IMPROVEMENT OF DOPPLER

SHIFT MEASUREMENT

L.A. Wan, IEEE Trans. Inform. Th., vol. 10,

no. 3, July 1964, p. 192/195.

• . . for improving Doppler measurement

by pulsed radar with respect to Woodward's

expression of Doppler ambiguity . . . The code

of pulse positions is shown to be analytically
obtained from the difference between the

required ambiguity expression and that of a

constant pulse-repetition frequency signal ....

1.443: Pulse Width Modulation

Included: Pulse length modulation; Pulse duration modulation (PDM).

Not Included: Complete telemetry systems.

Cross References: Pulse interval modulation (1. 444); PDM/FM or PWM/FM systems (1. 933);

PDM/AM or PWM/AM systems (1. 950).

Principal Publications:

THE TRANSMISSION OF PULSE WIDTH

MODULATED SIGNALS OVER RESTRICTED

BANDWIDTH SYSTEMS

H.J. Heffernan, IRE Trans. Telemetry

Remote Control, vol. TRC-3, no. 1,

April 1957, no. 2.3, p. 1/4.

A SOLID-STATE PULSE-WIDTH MODUALTOR

H. Kaplan, et al., IRE Trans. Telemetry

Remote Control, vol. TRC-3, no. 1,

April 1957, no. 3.3, p. 1/8, (Addendum).

A TRANSISTORIZED PULSE WIDTH KEYER

J.A. Riedel, Jr., IRE Trans. Telemetry

Remote Control, vol. TRC-3, no. 1,

April 1957, no. 6.5, p. 1/6.

PDM BANDWIDTH REQUIREMENTS

F.E. Rock, IRE Trans. Telemetry Remote
Control, vol. TRC-3, no. 1, April 1957,

no. 7.2, p. 1/6.

DIE BEEINFLUSSUNG DER PULSZEIT-

MODULATION DURCH EINE FREQUENZ-

MODULATION DES HOCHFREQUENTEN

TRAGERS (The Effect of a Frequency
Modulated RF Carrier on a Pulse Time

Modulated Signal) (In German)

R. Ebermann, Hochfrequenztech. Elek. Akust.,

vol. 67, Sept. 1958, p. 48/59.

TRANSISTOR PULSE WIDTH CONTROL

AMPLIFIER WITH REACTIVE LOAD

G.T. Flesher, Proc. Nat. Electronics Conf.

vol. 14, Oct. 1958, p. 454/463.

Transistors can control a d-c power output

of 30 to 50 times their internal dissipation

rating when used as pulse width controlled

switches. Switch operation carries the

transistor rapidly from a low dissipation "on"
state to a low dissipation "off" state which

results in low transistor heating but large

d-c output depending on the duty cycle of the

on-off condition. Excellent operation is achieved

with resistive loads, but reactive loads slow

the switching speed and the transistor dissipation
increases ....

A PAM/PDM DECOMMUTATOR WITH

IMPROVED SYNCHRONIZATION IN

PRESENCE OF NOISE

E.D. Heberling, et al., IRE WESCON Cony.

Rec., no. 5, Aug. 1958, p. 5/13.

A SOLID STATE COMMUTATING AND

PULSE WIDTH ENCODING CIRCUIT

W.H. Lucke, Naval Res. Lab., Washington,
D.C., NRL Rept. No. 5082, March

1958, 18p., AD 157 309.

NEW PRINCIPLES OF CONSTRUCTING

TELEMETRY SYSTEMS WITH PULSE-

TIME AND PULSE-WIDTH MODULATION

A.I. Novikov, et al., Automation &

Remote Control, vol. 19, Aug. 1958,

p. 741/746.

A CONDUCTIVITY-STORAGE TRANSISTOR

PULSE-WIDTH MODULATOR

J.C. Price, Electronic Engng., vol. 30,

Feb. 1958, p. 88/90.

A TRANSISTORIZED ALL ELECTRONIC

LOW LEVEL PULSE "_VIDTH
MULTICODER

J.A. Ricdel, Jr., Proc. Nat. Tele-

metering Symp., Sept. 1958. no. 12.4.

UBER DIE ERREICHBARE GENAUIGKEIT

BEI PULSAMPLITUDENMODULATION

UND PULSLANGENMODULATION MIT

TRANSISTOREN (On the Precision of

PAM and PWM Systems when Operating

with Transistors) (In German)

E. Schenck, Nachrichtentech. Zeitsch.,

vol. 11, April 1958, p. 191/196.

175



1.443

DIRECT DIGITAL CONVERSION OF

PULSE-WIDTH MULTIPLEXED DATA

F.T. Chambers, Electronic Equipment

Engrg., vol• 7, Nov• 1959, p• 55/58•

A MAGNETIC-AMPLIFIER COMMUTATING

AND PULSE-WIDTH ENCODING CIRCUIT

W.H. Lucke, Commun. Electronics, Jan•

1959, p. 884/892.

PULSE WIDTH MODULATED RELAY

CONTROL OF SYSTEMS SUBJECT TO

SAMPLED DATA

W. L• Nelson, Electronic Res. Lab.,

Columbia University, N.Y•, Rept. No.

AFOSR RN-59-282, July 1959, 68 p.,
AD 212 915.

An investigation was conducted on the

application of pulse width modulation as a

control method for relay controlled systems

with sampling• The limit cycles which occur

in relay control systems with sampling are

discussed and two methods of design employing
pulse width control which eliminates these

limit cycles are developed. Experimental

results are presented for a second order

system• Application and extension of the
results are discussed•

PULSE WIDTH CONTROL OF SAMPLED

DATA SYSTEMS

W.L. Nelson, Electronics Research Lab.,

Columbia U•, New York, July 1959, Report

No. CU-55-59-AD-677-EE, Technical Report

No. T-35/B; (AFOSR TN-59-609), AD 217
396.

NOISE STABILITY IN PULSE-WIDTH &

PULSE-TIME TELEMETRY SUBJECT

TO STRONG FLUCTUATION NOISE

N.V. Pozin, Automation & Remote Control,

vol. 20, Feb. 1959, p• 227/235.

AN IMPROVED TRANSISTORIZED PDM

KEYER FOR THE MULTI-CHANNEL

DATA ACQUISITION SYSTEM

B. Stefanov, Nat. Syrup. Space Electronics

Telemetry, Sept. 1959, no• 4.3, p. 1/7.

ANALYSIS OF PULSE DURATION SAMPLED-

DATA SYSTEMS WITH LINEAR ELEMENTS

R.E. Andeen, IRE Trans• Automatic Control,

vol. AC-5, no. 4, Sept. 1960, p. 306/313.

Deals with the application of z-transform

techniques to the analysis of sampled-data

systems in which signals appear in pulse-
duration modulated form. The characteristics

of pulse-duration sampled data are first

briefly described .... a comparison is

shown of analytical results with tests on

several representative experimental systems.
• • • relative advantages and disadvantages of

p.d•m, in control systems . • .

PDM TItERMOCOUPLE SUBCOMMUTATION

SYSTEM

A.Ferkovich, Jr•, Proc. Nat. Telemetering

Conf., May 1961, p. 4-53/4-71.

STABILITY STUDY OF PULSE-WIDTH

MODULATED AND NONLINEAR SAMPLED-

DATA SYSTEMS

T• Nishimura, Electronics Research Lab•,

U• of Calif., Berkeley, 4 April 1961, 68 p.

incl. illus., 33 refs., AD 273 858.

ON THE POSSIBILITY OF PULSE MODULA-

TION BY SATURABLE REACTORS

J.K. Sen, Journal of Technology, vol• 6, June

1961, p. 1-9, A63-20435.

Presentation of a method for obtaining pulse-

width and pulse-time modulation by using

saturable reactors (magnetic amplifiers) ....

SOME EFFECTS BANDWIDTH LIMITATION ON

P.S.M•, P•L.M., AND P.P.M. SIGNALS

J. Das, Proc. Instn. Elect• Engrs. Lond. (Part

C), vol. 109, no. 16, Sept. 1962, p. 646/655,
23 refs.

A comparative study has been made of the

effects of bandwidth reduction on such important

parameters as sideband and harmonic distortion,

crosstalk attenuation and message/noise ratios,

in pulse-slope modulation, pulse-length mod-

and pulse-position modulation systems•

ON THE DYNAMIC RANGE OF A MAGNETIC

RECORDING CHANNEL

M.V. Gitlits, Radio Engng: Transl. of

Radiotektmika, vol. 17, no. 4, April 1962,

p. 65/75.

The effect of irregularities in efficiency of

ferromagnetic recording media and of tape-

transport flutter on the dynamic range of a

channel during direct magnetic recording of

signals is analyzed as is the use of amplitude,

frequency and pulse-width modulation ....

PROJECT RELAY DIGITAL COMMAND

SYSTEM

S.H. Roth, et al., IRE Trans. Aerospace

Navig. Electronics, vol• ANE-9, no. 2,

June 1962, p. 100/103.

• . . (NASA) has developed a coded message

sequence consisting of discrete, pulse-duration-

modulated (PDM) tone bursts for commanding

satellites. The message consists of a sync pulse

followed by some combination of six pulses,
three each of zeros and ones. This code allows

for 20 commands (the combination of six things

taken three at a time) .... equipment devel-

oped for the Relay satellite program which de-

modulates the tone bursts, converts the pulse-

duration modulation into a binary code, and then

decodes the message into twenty discrete
commands ....

The subcarrier tone amplitude-modulates a
VHF carrier for transmission to the vehicle.

A TWO_TAGE MODULATION SYSTEM

A.G. Bose, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge.

1963, 10 p., AD 423 294.
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A modulation system that converts a con-

tinuous signal into a two-state signal, and has

the property that the modulating signal can be

recovered by lowpass filtering. • . combines

aspects of frequency and pulsewidth modulation
in a manner that enables its realization in terms

of a simple closed-loop system having a non-

linear forward path .... Applications to high-

efficiency power amplification, nonlinear

control, and low-frequency data recording are

presented.

PASSAGE OF A PULSE-WIDTH-MODULATED

SIGNAL THROUGH A MAGNETIC RECORD-

ING CHANNEL

M.V. Gitlits, Radio Engng:Transl. of Radio-

tekhmka, vol. 18, no• 12, Dee. 1963,

p. 37/46.

The distortions of a pulse signal as it passes

through a magnetic recording channel are

determined. Various methods of shaping the

pulses of the playback signal in a system with

pulse-width modulation are considered from the

viewpoint of the efficient utilization of the

bandwidth of the recording channel and allowing

for the effect of muttiplicative and additive

noise• A pulse-shaping method "according to
the zero of the derivative" is considered ....

STABILITY STUDY OF PWM FEEDBACK

SYSTEMS

E•I. Jury, et al., {American Society of Mechan-
ical Engineers, Joint Automatic Control

Conference, Minneapolis, Minn., June 19-21,

1963. ) ASME, Transactions, Series D -

Journal of Basic Engineering, vol. 86,

March 1964, p. 80/86, 22 refs., A64-15437•

Derivation of a fundamental equation which

yields the limit-cycle feature of PWM feedback

system. The application of this equation to

obtain the response of the autonomous as well as

the forced PWM system is indicated. The

application of this fundamental equation to other

types of nonlinear sampled-data feedback systems

is also demonstrated ....

AN OPTIMIZATION TECHNIQUE FOR PULSE

WIDTH MODULATED SYSTEMS

RoW. Kafka, Illinois U• Coordinated Science

Lab., Urbana, May 1963, 97 p., 37 refs.

N63-17090, AD 406 078.

• . . design of a controller to optimize a

certain class of pulse-width modulated systems

• . . The process to be controlled is time-

invariant, of arbitrary order, and excited by a

sequence of pulse generated from information

available at arbitrary sampling instants. Input

information to the system is quite general and

includes random and deterministic phenomena•

• . . The controller is not adaptive in the sense

of redesign oecuring as new information becomes
available from the estimator. It does, however,

accomplish the goal of optimization by deciding

the form of the pulse-width actuating signal uti-

lizing the future erros of the system•
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RESEARCH AND DEVELOPMENT ON PULSE-

MODULATED, PERSONAL-TELEMETRY

SYSTEMS

A.R• Marko, et al., Acrospace Medical Div.

Aerospace Medical Research Labs. (6570th),

Wright-Patterson AFB, Ohio, {Report Period,

Jan. 1961-July 1963), Oct. 1963, 23 p•, refs.,

(AMRL-TDR-63-96), AD 425 574, N64-13804.

• . . pulse-position and pulse-duration

modulation for application in personal telemetry

systems • . . an improved three-channel pulse-

position amplitude-modulation-telemetry system

with frequency modulation in the FM band.

Further experimentation resulted in a seven-

channel laboratory mode using pulse-duration

modulation . . • New microelectronic

components make it feasible to reduce the

size of the seven-channel transmitting unit

to 3 1/2 by 2 1/4 by 1 inch, and the weight

to about 200 g, without sacrificing perform-

ance.

OPTIMAL SYNTHESIS OF LINEAR PULSE-

WIDTH-MODULATED COMPUTER-

CONTROLLED SYSTEMS.

G.J. Murphy, et al., Franklin Institute,

Journal, vol. 277, Feb. 1964, p. 128/139,

13 refs., A64-15308.

• . . optimal synthesis of linear control

systems with pulse-width modulation. The

criterion of system performance is a

quadratic index... The technique, which

is based on the state-variable concept and

on dynamic programming, leads to the

determination of a computer program for

calculating the optimum sequence of signals

to be applied to the input of the pulse-width
modulator.

A SIMPLE SUPERVISORY ENCODER

USING PULSE-LENGTH MODULATION

P.N. Sargeaunt, Proc. Intern. Telem. Conf.,

vol. 1, Sept. 1963, p. 369/374.

• • • A method of encoding eight binary

signals in a form which enables either

visual {oscilloscope) or automatic readout

to be employed at a remote station is

described .... A time division multiplex

method is used, individual channel infor-

mation being impressed by pulse width
modulation ....

SUPPRESSION OF NOISE EFFECTS IN

PULSE WIDTH MODULATED SYSTEMS

H.J. Stein, Coordinated Science Lab., Univ.

of Illinois, Urbana, Jan. 1964, 55 p.,

Rept. no. R190, AD 437 495.

• • . sampled data feedback system,

consisting of a lead type pulse width mod-

ulator, a general (n-th order), linear,

time-invariant plant, and unity feedback.

The closed loop system is assumed to be

stable, and it is assumed that plant time

constants are of the order of, or shorter

than, the pulsing period• The modulator

is assumed to be imperfect {noisy) ....
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DESIGN OF A PULSE WIDTH MODULATOR
FOR USE IN SILICON INTEGRATED

CIRCUITS

A.J. Wall, Air Force Inst. of Tech.,

Wright-Patterson AFB, Ohio, Aug. 1963,

45 p., AD 421 032.

• . . to demonstrate that such a modulation

function can be realized within a 250 by 30 rail

silicon integrated semiconductor structure.

• . . Three active and seven passive compo-

nents are used. The modulator utilizes trailing

edge modulation and samples a single audio

input signal at 20 kc ....

Related Publications:

A DETERMINISTIC STUDY OF DELTA

MODULATION

C.A. Halijak, et al., IEEE Intern Cony Rec.

Pro 8, vol. 11, March 1963, p. 247/259•

. . ° Delta modulation has often been viewed

as a type of PCM and has been analyzed by

probabilistic methods. This paper views data

modulation as a hybrid PDM/PAM system. A
nonlinear feedback model is constructed and

subjected to digital computation on an IBM 650.

Computation is enabled by trapezoidal convulu-

tion, an approximate Z-transform method for

solving dynamical systems ....

PDM/FM/FM ON LOWER SUB-CARRIER

FREQUENCIES

F.E. Rock, Proc. Nat. Syrup. Telemetering,
Sept. 1958, no. 12.2.

CROSSTALK IN TIME SHARED SYSTEMS AS

AFFECTED BY DISCRIMINATOR

CHARACTERISTICS

O.J. Ott, Nat. Symp. Space Electronics &

Telemetering, Sept. 1959, no. 8.3, p. 1/6.

A commonly used method for increasing the

number of channels in an FM-FM system is

to commutate a group of low frequency inputs
and transmit the time shared waveform as PAM

or PDM information on one of the subcarrier

channels.

A PULSE MODULATOR THAT CAN BE USED

AS AN AMPLIFIER, A MULTIPLIER, OR
A DIVIDER

J. A. Rosenthal, IEEE Trans. Instrumentation

and Measurement, vol. IM-12, Dec. 1963,

p. 125/134, A64-17346.

• . . operates by continuously sampling the

input signal. The output of the modulator is a
pulse train whose frequency and pulse duration

vary with the input signal. The modulator can

respond instantaneously to a change in the input

signal. It is capable of both proportional and

on-off control and may be used as an amplifier,

a multiplier, or a divider, or any combination
of these three . . .

1. 444: Pulse Interval Modulation

Included: Time interval modulation methods.

Cross References: Pulse position modulation (1. 442).

Principal Publications:

TIME INTERVAL TELEMETERING SYSTEM

N. Wilde, IRE Trans. Telemetry Remote

Control, vol. TRC-3, no. 1, April 1957,

no. 8.3, p. 1/7, (Addendum).

Random nonrepetitive pulses space from 0.5

to several hundred microseconds apart originate

in a moving source. These time intervals are

to be measured and immediately displayed in

digital form at a remote point located 10 to

20 miles from the vehicle.

INFLUENCE OF NOISE FLUCTUATIONS ON

A DECODING UNIT DURING TIlE

INTERVALS SEPARATING TttE PULSES

IN A CODE GROUP

L.P. Kuklev, Radio Engrg. Electronics,

vol. 4, no. 3, 1959, p. 31/39.

• . . we investigate the problem of the
effect of noise fluctuations in radionavig,'ation

systems with pulse interval coding ....

comprises the transmission of n pulses
identical in form and duration with a certain

definite position of the pulses relative to each
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other. Decoding of such signals is often

carried out with the help of delay lines and

coincidence stages by comparing the code

intervals in the signal with the delay intervals

in the lines which are adjusted for the recep-

tion of codes fixed in advance.

A METftOD OF RADIO COMMUNICATION

USING THE MOON

N.A. Kalashnikov, et al., Foreign Tech. Div.

Air Force Systems Command, Wright-

Patterson Air Force Base, Ohio, 4 June 1962,

4 p. incl. illus. , (Trans. no. FTD-TT-62-rri

from Sovient Patent no. 132680 (652243/26)

28 Jan. 1960, AD 281 510.

A broad-band communications system is

proposed .... each discrete communication

being transmitted using two pulses, shifted

with respect to one other; they are modulated

by different frequences such that at the recep-

tion point the output pulse is determined by the

difference in the envelopes of these two pulses;

this makes it possible to decrease the mutual

influence of the pulses of neighboring channels.
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Section 1.47

Sampling Modulation Methods in Control Systems

Sampled data systems are an increasingly important class of control systems. This section contains

references which may indicate the close relation of the number of problems and techniques between the

respective branches of communications engineering and control engineering to the space communications

engineer.

This selection is, by necessity, somewhat subjective and the reader is advised to consult specialized

control techniques literature for further details.

1. 470: Sampled Data Systems

Included: Modulation problems of sampled data systems; Signal distortions in sampled data system;

Tuned variable rate samples; Fundamentals of multivariable sampled data systems; State transition

flow graphs.

Not Included: Design of control systems•

Cross References: Time series analysis of sampled data systems (1. 411).

Principal Publications:

ANALOG SIMULATION OF SAMPLED-DATA

SYSTEMS

R. C. Klein, IRE Trans. Telemetry Remote

Control, vol. TRC-1, no. 2, May 1955,

p. 2/7.

STATISTICAL DESIGN THEORY FOR STRICTLY

DIGITAL SAMPLED-DATA SYSTEMS

S. S. L. Chang, Commun. Electronics, Jan. 1958,
p. 702/709.

• . . z-transform theory for the analysis

and synthesis of sampled-data systems• Ap-

plicable when correlation functions concerning

the input signals are the only known factors.

CONCERNING A METHOD FOR ANALYZING

SAMPLED-DATA SYSTEMS

F. Chun-Wui, Automation Remote Control, vol. 19,

April 1958, p. 288/298.

A WAY OF FORMING TRANSFER FUNCTIONS

OF SAMPLED-DATA CONTROL SYSTEMS

WITH EXTRAPOLATING DEVICES

S• S• Ermakov, et al., Automation Remote Control,

vol. 19, May 1958, p. 395/402.

AN APPROXIMATION TO SIMPLIFY THE
ANALYSIS OF CLOSED-LOOP SAMPLED-

DATA SYSTEMS WITH NON-NEGLIGIBLE

PULSE WIDTH

G. J. Murphy, Proc, Nat. Elect. Conf., vol. 14,

Oct. 1958, p. 65/75•

CONCERNING THE EQUIVALENCE OF PULSE

AND CONTINUOUS-DATA CONTROL SYSTEMS

V. A. Rubtsov, Automation Remote Control, vol.

19, Oct. 1958, p. 926/933.

SAMPLED-DATA SYSTEMS WITH EXTRA-

POLATING DEVICES

I. Tsypkin, Automation Remote Control, vol. 19,

May 1958, p. 383/394.

STATISTICAL INVARIANCE OF NOISE IN

SAMPLED-DATA SYSTEMS

S. A. Zadoff, IRE WESCON Cony. Rec.,

no. 4, Aug., 1958, p• 173/176.

OPTIMUM CONTROL THROUGH TUNED

SAMPLING

J. T. Tou, Proc. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p. 290/298.

• . . A sampled-data control system

contains one or more samplers which may

operate with different sampling rates• The

sampling rate may be either constant or

variable. It is found that the control system

exhibits optimum performance if the variable-

rate sampler is properly "tuned. " The system

stability may be improved by selecting a
suitable variable rate for the sampler• It is

shown in this paper that when the cyclic-

variable sampling rate is varied the stability

boundary describes a curve which is concave

downward, exhibiting a peak between two

limiting values of the cyclic rate. Further-

more, when the system is subjected to a

stochastic input, the mean-square error can

be reduced to a minimum by "tuning" the

variable-rate sampler to an optimum rate.

The optimizing feature of tuned sampling may

be utilized to achieve self-optimization of

control systems.

ANALYSIS OF PULSE DURATION SAMPLED-

DATA SYSTEMS WITH LINEAR ELEMENTS

R. E. Andeen, IRE Trans. Automatic Control,

vol. AC-5, no. 4, Sept. 1960, p. 306/313.

Deals with the application of z-transform

techniques to the analysis of sampled-data

systems in which signals appear in pulse-
duration modulated form. The characteristics

of pulse-duration sampled data are first

briefly described .... a comparison is shown

of analytical results with tests on several

representative experimental systems ....

relative advantages and disadvantages of p. d. m.

in control systems• . .
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CONTRIBUTIONTOTHEMODIFIEDZ-TRANS-
FORMTHEORY

E. I. Jury,J. FranklinInst.,vol•270,no.2,
Aug.1960,p. 114/129.

Introducesacomplexconvolutiontheoremfor
themodifiedZ-transform... Thetheoremis
fairlygeneralandanumberofspecialcasesof
wideinterestarediscussed,includingrelationship
withZ-transformtheory,evaluationofsquare
erroratsamplinginstants,analysisofintegral
squareerrorandothersofimportanceincon-
ventionalandmulti-ratesampled-datasystems.
Examplesarediscussedandashorttableof
relevanttransformsisgiven.Additionaltheorems
includeoneenablingthesolutionofcertaintypes
ofnon-lineardifferenceequations.

UBERDIENACHBILDUNGUNDUNTERSUCHUNG
VONABTASTSYSTEMENAUFEINEN
ELEKTRISCHENANALOGRECHNER
(SynthesizingandInvestigationofSampled-
DataSystemsbymeansofanAnalogComputer)
(InGerman)

G. Schneider,ElektronRechenanlagen,vol.1,
Feb.1960,p. 31/37.

STUDYOFSAMPLED-DATACONTROLSYSTEMS
BYMEANSOFDISCRETEFREQUENCY
RESPONSEANALYSIS

H. C.Torng,etal., Proc.Nat.ElectronicsConf.,
vol. 16,Oct.1960,p. 96/102.

• . . adiscretefrequencyresponseanalysisis
proposed.It isneededbecausetheconventional
frequencyresponseapproach,whichissouseful
in thestudyofcontinuouscontrolsystems,fails
toyieldthesameeffectwhenit is usedtostudy
sampled-datacontrolsystems.... Sampled-
datacontrolsystemshavebeenintensivelyinves-
tigatedinthepastdecade.Threebooks1, 2, 3
andnumerousarticles4, 5havebeenpublished
in thisarea.... TheL-transformapproachfor
convenientsystemsfindsits counterpartfor
discretecontrolsystemsin theZ-transform
technique.... yieldsthekeytoadoptingthe
block-diagramapproachandmanyotheruseful
techniquesforcontinuoussystemsto studiesof
sampled-datacontrolsystems.Thefrequency
responseanalysisofdiscretecontrolsystems
is howevernotsofortunate•Inattemptingtoplot
theNyquistDiagram,Bodediagram,andNichols
Chartforadiscretecontrolsystem,theinves-
tigatorencountersaformidabletask...

EINFUHRUNGIN DIETHEORIEDERABTAST-
SYSTEME(IntroductiontotileTheoryofSampled-
DataControlSystems)(InGerman)

J. Tschauner,Munich:R. Oldenbourg,1960,185p.

Themathenmticaltheoryofsampled-datacontrol
systemsisdealtwithin threemainsections.The
first ofthesedealswithopen-loopsystemsandthe
secondwithclosed-loopsystemsandineachcase
somenumericalexamplesandoscillogramsof
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actualresultsareincluded.Thethirdsection-
is concernedwithcertainmathematical
methods,namely,theZeta-transform,the
Taylor-transformanddifferencemethods,
andtheirapplicationtosampled-datacontrol
systems....

THECALCULATIONOFPULSEDSYSTEMS
WITHDIFFERENTINPUTS(InGerman)

J. Tschauner,Nachrichtentech;vol. 13,no.6,
June1960,p. 271/274.

Transferfunctionsarederivedfor systems
inwhichtheerroris sampled.Threecases
arediscussed;anerrorsignal,determined
immediatelybeforethebeginningofanactive
controlperiod,. . .a constanterrorsignal,
actingoverthesamplingperiod;verynarrow
pulses( 6 functions)ofvaryingamplitude;
actingoveraveryshortintervaloftime.
Oscillogramsaregivenwhichconfirmthe
expectedbehaviorfor variousparameters.

EXPERIMENTALINVESTIGATIONOFTHE
EFFECTOFNOISESUPPRESSIONSIN
THESAMPLEDDATAMETHODOF
AMPLIFICATION

G. S.Anufriyev,etal., RadioEngng:Transl.
ofRadiotckhnika,vol.16,no.9, 1961,
p. 10/18.

. . . feasibilityofrecordingweakperiodic
signalsinthestroboscopicmethodofamplifica-
tion. Anexperimentalsystemwasrealized,
whichbooststhevoltagesignal=to-noiseratio

3 . .

by a factor of approximately 10 . . . Pcmodm

signals with a voltage of 4.10 -7 with an upper

limit of the frequency spectrum equal to 5 Mc

were definitely observed .... employ various

systems in which methods of storage filter

discrimination, compensation and positive
feedback stores are used .... the strobo-

scopic method of conversion can be rec-

ommended in the following cases:

1. To register periodic pulse signals with a

low signal-to-noise ratio at the input of the

receiver (for the reception of radar signals in

certain special cases .... )

2. In the measuring technique for obtaining

large signal-to-noise ratios, which in a number

of cases may ensure a sufficiently accurate

measurement of the signal parameters.

3. For physical experiments, for example,

in pulse mass-spectrometers . . .

OPTIMUM PREFILTERING OF SAMPLED

DATA (Correspondence)

W. M. Brown, IRE Trans. Inform. Th., vol.

IT-7, no. 4, Oct. 1961, p. 269/270.

Let f denote a stochastic signal and n denote

additive noise; consider a prefilter which prepares

f * n for sampling. The sampled data is inter-

polated to recover an estimate of f ....



THERELATIONBETWEENDISCRETEPERIODIC
INPUTS,THETRANSFERFUNCTIONAND
THETRANSIENTRESPONSEOFA SYSTEM

T. Glucharoff,Proc.Instn.Elect.Engrs.(GB),
Monogr.452.ToberepublishedinPartC.,
June1961,7p.

Sampled-datasystemsarecharacterizedby
thepresenceofdiscretesignalsatsomepointof
thesystem,buttheoveralloutputis usuallya
continuousfunctionoftime. It is shownthatthe
pulsesequenceofdiscreteperiodicsignals,which
resultinafinite-settling-timeresponsewhen
appliedtotheinputofasystem,canbedetermined
directlyfromthesystemtransientresponse....

1.470

realaxisinthesplane,. . . Thecriteriafor
obtainingtheseconditionshavebeeninvestigated
extensivelyabroad,inparticularinRussia...
andEngland.Comparativelylittleornothing
onthisproblemhasbeenpublishedin this
country....

Inanalogytothecontinuouscase,wedefine
aperiodicityconditionsinsampled-dataor
discretesystems...

ANALYSISANDDESIGNOFSAMPLED-DATA
SYSTEMSVIASTATETRANSITION
FLOWGRAPHS

B.C. Kuo,Proc.Nat.ElectronicsConf.,
vol. 18,Oct.1962,p. 28/39.

OPTIMUMSAMPLED-DATACONTROL
R.Jackson,Proc.Instn.Elect.Engrs.,(GB),

PartC, vol.108,no.14,Sept.1961,
p. 309/316.

A method of rendering feedback control systems

amenable to treatment by the Wiener theory is

applied to the case in which the controller operates
on a sampled measurement. An explicity expres-
sion is obtained for the minimum attainable mean-

square error for certain classes of system transfer

functions and disturbance power spectra, and the

form of the optimum controller is derived ....

ON THE EXACT ANALYSIS OF SAMPLED-

DATA FEEDBACK SYSTEMS WITH

APPRECIABLE PULSE WIDTH

G. J. Murphy, Proc. Nat. Electronics Conf.,

vol. 17, Oct. 1961, p. 214.

A GENERAL SOLUTION FOR LINEAR,

SAMPLED-DATA CONTROL

T. L. Gunckel, II, et al., American Society of

Mechanical Engineers, Joint Automatic Control

Conference, New York, N.Y., June 27-29, 1962,

Paper 62 - JACC-11, ASME, Transactions,

Series D, Journal of Basic Engineering, vol. 85,

June 1963, p. 197/201; Discussion, p. 201/203;

Authors' Closure, p. 203. 10 refs., A63-22309•

Demonstration that if linear, sampled-data

control-system performance can be adequately

measured by a quadratic function of the error, it

is possible to develop single optimum-design

procedure that encompasses almost all linear
sampled-data control problems of interest ....

APERIODICITY CRITERIA FOR LINEAR

DISCRETE SYSTEMS (Correspondence)

E. I. Jury, et al., IRE Trans. Circuit Theory,

vol. CT-9, no. 4, Dec. 1962, p. 431/434.

The state transition method of analyzing

linear dynamic systems is reviewed. The

state transition flow graphs of continuous-

data and sampled-data dynamic systems are

defined... The state transition equations

of the system may be determined directly from

the state transition flow graph by applying

Mason's gain formula and taking the inverse

Laplace transform. The state transition flow

graph technique is particularly useful for the

study of multirate sampling, multi-sampler,

cyclic-sampling, and non-synchronized

sampling systems. Examples are given

illustrating the application of the technique...

ENERGY OPTIMAL CONTROL FOR PULSE

AMPLITUDE MODULATED LINEAR TIME-

INVARIANT SAMPLED-DATA SYSTEM

C. Lee, et al., Electronics Research Lab.,

U. of Calif. Berkeley, 27 April 1962,

24 p., AD 418 236.

The problem under consideration is an

idealization of the attitude control problem of

space vehicles. In the case where a space

vehicle is to have a rather long life it is

important to keep the fuel consumption at a

minimum so that possibly the useful life of

the satellite may be limited by considerations
other than the amount of fuel it carries at the

start of the trip...

OPTIMIZATION OF MULTIVARIABLE

SAMPLED-DATA CONTROL SYSTEMS

J. Lieutaud, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N.Y.,

Sept 1962, 50 p. incl. illus., 6 refs.

(Research rept. no. PIBMRI-1078-62),
AD 297 251.

• . . Aperiodicity conditions in continuous
systems are obtained when all the roots of the

system characteristic equation lie on the negative

A squared error performance criterion

is chosen and the effects of controllability

and observability are studied.
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DIGITALPROCESSESFORSAMPLEDDATA
SYSTEMS

A. J. Monroe,NewYork,JohnWileyandSons,
Inc.,1962,490p.

• . . tobeusedasaselfteachingaid....
concernedwiththeuseofadigitalcomputer
asadataprocessingdevice,andpresents
analyticalmethodsforconstructingdigitalprograms
anddigitaltoanalogueconverterweightingfunc-
tions. Italsofeaturesacompositedesigncriterion
thatwedstransientbehaviordesignandnoise-
consciousdesign....

Severalfeaturesunifythematerial....

A SIMPLEAPPROXIMATEFORMULAFOR
PROCESSESIN SAMPLED-DATACONTROL
SYSTEMS•(InGerman)

A. Papoulis,Regelungstechnik,vol.10,no.3,
March1962,p. 105/107.

GAINOFMULTISAMPLERSYSTEMS
(Correspondence)

G.C. Reis,Proc.IRE,vol.50,no.8, Aug.1962,
p. 1843.

DESIGNOFANACCURATESIMULATORFOR
SAMPLED-DATASYSTEMS

M.J. Somerville,etal., Proc.Instn.Elec.Engrs.
London(PartB), vol.109,no.43,Jan.1962,
p. 67/76.

• . . detailedconsideration..,certainspecial-
izedunitsbymeansofwhichananaloguemachine,
normallyusedfor simulationofcontinuoussystems,
maybeadaptedtoallowalsosimulationofsampled-
datasystems....
ONPERIODICMODESOFSATURATING

DISCRETECONTROLSYSTEMS
H. C. Torng,J. FranklinInst., vol.274.

no.5,Nov.1962,p. 358/368.

A discretesequencemethodispresentedin this
papertoidentifypossiblelimit cyclesinsaturating
discretecontrolsystems.Thismethodproduces
explicitrelationshipsbetweenself-sustained
oscillationsandrelevantsystemparameters•No
approximationismade.Thereisnorestriction
withrespecttotheorderofthelinearplanttobe
controlled.Experimentalverificationis also
provided•

A SURVEYOFCON'IROLRESEARCHIN U.S.
ENGINEERINGSCHOOLS

J. E. Ward,IRETrans.AutomaticControl,
vol.AC-7,no.5, Oct.1962,p. 126/129.

TheAmericanAutomaticControlCouncilsetup
theControl Advisory Committee (CAC) for

assessing the present U. S. effort in control

research. The CAC surveyed only university

groups, since the assessment of industrial control-

research activities would have been beyond its

capabilities .... The data obtained show that
a substantial effort in control research is made

at U.S. universities (about 6 1/2 million dollars

spent, about 1000 people employed, about 800 .
theses per year)• The author discusses the

limitations of the survey and arrives at the

conclusion that this survey is an indication of the

fairly substantial U. S. effort in control

research and education, but that it is no more

than an indication.

SAMPLING AND QUANTIZATION ERRORS

IN A DIGITALLY MECHANIZED

INERTIAL NAVIGATOR

N. A. Boehmer, et al., IEEE Trans. Mil.

Electronics, vol. MIL-7, no. 1, Jan. 1963,

p. 56/61.

• . . A constant altitude, meridian plane,

pure Schuler tuned inertial navigator model

on a nonrotating earth is used for analysis•

Insofar as sampling and quantization effects

are concerned, nothing significant is lost by

this restriction since the cross-coupling

effects are small, and the earth rotation

vector components on the platform axes are

slowly varying .... Time and frequency

domain analysis of the sampled-data system

is presented and the effects of quantization

present at the digital computer input and

output are evaluated ....

METODY RASCHETA I SINTEZA IMPUL'-

SNYKH AVTOMATICHESKIKH SISTEM. II.

(Methods of Calculation and Synthesis for

Automatic Sampled-Data Systems. II)

(In Russian)

E. G. Gol'shtein, et al., Avtomatika i

Telemekhanika, vol. 24, Dec. 1963,

p. 1643/1659, A64-13118.

Application of mathematical programming

methods to the calculation and synthesis of PAM

automatic sampled-data systems• The analysis

is limited to the case where the limiting

conditions apply only to the upper and lower

bounds of each control response. A solution

is obtained by a method due to Beale, in which
the variables that do not have their limit values

are expressed through the remaining variables

and certain parameters ....

AN ON LINE SOLUTION TO SAMPLED-

DATA TIME OPTIMAL CONTROL

J. H. Eaton, Repr. from J. of Electron.

Control, v. 15, no. 4, Oct. 1963,

p. 333/341, refs., N64-18109.

The problem considered is that of designing

a special purpose computer that is rapid enough

to provide an on-line solution to the sampled-

data time optimal control problem in which the

inputs are subjected to amplitude constraints...

The time optimal control problem is solved

by increasing the number of sampling periods
until the specified terminal state is reachable•

Preliminary results with a fourth-order

system indicate that computer settling times
of a few milliseconds can be obtained.
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_kDAPTIVE GAIN AND ADAPTIVE

SAMPLING SAMPLED-DATA CONTROL

SYSTEMS

S.C. Gupta, IEEE Paper no. 63-130, Feb.

1963, 7 p.

AN ITERATIVE PROCEDURE FOR OPTIMAL

CONTROL OF A SYSTEM BY SAMPLED

INPUT

L. Hasdorff, et al., Journal of Electronics

and Control, ist Series, vol. 16, Feb.

1964, p. 177/188. 16 refs., A64-14913.

Study of the problem of optimal control

of any given nonlinear, time varying system

by sampled input. The procedure used is a

numerical iterative technique developed

primarily by Kelly, Bryson and Denham,

and Bryson et al. A real value criterion
function of the final state is assumed and is

minimized, at the end of which the input is

in the required form of amplitude varying

pulses over a given period ....

AN EXTREME VALUE PROBLEM IN A

LINEAR SAMPLED-DATA FEEDBACK

SYSTEM

J. B. Knowles, IEEE Trans. on Automatic
Control, vol. AC-8, July 1963, p. 235/

239, A63-22503.

Consideration of a linear sampled-data

feedback system with an uncorrelated, wide-

band Markov noise process contaminating

the input signal ....

GAIN OF MULTISAMPLER SYSTEMS

(Correspondence)

G.G. Lendaris, Proc. IEEE, vol. 51, no. 2,

Feb. 1963, p. 395/396.

• . . recent correspondence . . . G.C. Reis
• . . several available methods . . . a few com-

ments concerning the one proposed by Reis ....

OPTIMUM SAMPLED- DATA SYSTEMS

WITH QUANTIZED CONTROL SIGNALS

J.B. Lewis, et al., (American Institute of

Electrical Engineers, Winter General

Meeting, New York, N.Y., Jan. 27-

Feb. 1, 1963), IEEE Trans. on Applications

and Industry, July 1963, p. 229/233; Discus-

sion, p. 233, 15 refs•, A63-21784.

• . . design of a class of nonlinear sampled-

data systems where the control signal is quan-

tized, so that its value at any instant is chosen

from a set of 2L+1 levels. A design compro-

mise between the extremes of proportional

control systems (no quanitizing or bounding

on control signal) and relay control systems

(coarse quantization) can be achieved ....

Dynamic programming techniques are used in
carrying out the optimum design. Both

minimum summed-square-error systems and

minimum - N systems are discussed and

illustrated for dynamic performance.

USE OF A COORDINATE TRANSFORMATION

IN THE INCREMENTAL PHASE PLANE

D. P. Lindorff, IEEE Trans. on Automatic

Control, vol. AC-9, Jan. 1964, p. ii0/

113, A64-15920.

• . . to facilitate the design of sampled-data

control systems in which there is a simple

nonlinearity. Use of the transformed coor-

dinates permits the slope of a boundary

specified by the nonlinearity to be directly

related to a simple gain term in the transformed

system .... By using the transformed coor-

dinates it is possible to identify intersample
oscillations which are undetectable in the

original coordinate system ....

OPTIMUM SYNTHESIS OF SAMPLED-DATA

SYSTEMS WITH NON-STATIONARY

RANDOM UNITS

R.H. McCamish, Master's thesis, Kansas

U., Lawrence, Feb. 1963, 43 p. incl.

illus., 16 refs., AD 401 817.

. . . presents a mean amplitude-set-time

weighted error optimization criterion for use

in synthesizing an optimum sampled-data

system whose input is a non-stationary random

signal corrupted by additive noise.

A TRANSFORM TECHNIQUE FOR MULTI-

VARIABLE, TIME VARYING, DISCRETE-

TIME, LINEAR SYSTEMS

A.W. Naylor, Cooley Electronics Lab., U. of

Michigan, Ann Arbor, Jan. 1964, 41 p.,

TR142 and rept. no. 4853 22T, AD 431 267.

In the last several years the use of matrices

to characterize time-varying discrete-time,

linear systems has been growing. Attention

hereto has been centered on single-input,
single-output systems. This article shows that

the previously developed methods can be applied,

after certain changes and re-interpretations, to

multivariable systems•

GENERALIZED FREQUENCY RESPONSE

CONCEPTS FOR TIME-VARYING, DISCRETE-

TIME LINEAR SYSTEMS

A.W. Naylor, IEEE Trans. Circuit Theory,

vol. CT-10, no. 3, Sept. 1963, p. 428/440.

• . . It is shown that many of the frequency

response concepts associated with time-invariant

linear systems can be expanded in a meaningful
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manner to time-varying, discrete-time

linear systems. Generalized frequency

domain representations of the input and out-

put are introduced along with a generalized

frequency response or transfer function

relating input and output. In addition,

generalizations of bandwidth, gain bandwidth

product, and Parseval's (Plancherel's)

theorem are introduced ....

UCHET PEREKHODNOGO PROTESSA V

ZADACHE STATISTICHESKOGO

SINTEZA IMPUL'SNOI SISTEMY

(Accounting for Transient Response
in the Problem of the Statistical

Synthesis of a Sampled-Data

System) (In Russian)

V.A. Petrov, Akademiia Nauk SSSR,

Izvestiia, Tkhnicheskaia Kibernetika,

Jan. - Feb. 1964, p. 202/208, 5 refs•,
A64-16988•

Discussion of the statistical synthesis of

automatic control systems by methods for the

solution of Wiener-type problems, based on

the minimization of steady-state errors•

Specifically examined is the development of

an analog to Solodnikov'sand Matveev's

problem of the total reproduction error, by

taking into account the statistical errors in

the transient response in the functional to be

minimized. The results are applied to the

statistical synthesis of sampled-data systems

of finite storage capacity.

TOCHNYI METItOD RASCtIETA PEREKItOD-

NYKH PROTSESSOV I USTOICttIVOSTI

IMPULFSNYKH SISTEM S KONECtINYM

VREMENEM S'EMA DANNYKtt)

(Exact Method for the Solution

of the Transient Response and

Stability of Sampled-Data Systems

with Finite Sampling Time)

(In Russian)
I.V. Pyshkin, A_gomatika i Telemekhanika,

vol. 24, Oct. 1963, p• 1303/1316, 14

refs., A64-13213

Investigation of sampled-data switch-key

systems. By fitting the solutions of canonic

equations of systems that correspond to the

closed and open positions of the key, difference

equations describing the system are derived

• • . The expression for the output process,

in the sense of discrete Laplace transform, is
obtained in the form of a relation of two deter-

minants, the elements of which are simple

functions of the roots of the closed and open

systems. A stability analysis of such
systems is presented.

OPTIMUM DESIGN OF DIGITAL CONTROLS

J.T. Tou, Computer Sciences Lab.,

Northwestern Univ., Evanston, Ill., March

1963, 22 p., Research memo 201, AD 422
093.

A solution is presented for the desigll of time

optimal control for discrete-data systems

subject to control signal saturation. The state-

space approach is used to determine the

optimum control policy . . .

A DISCRETE MODEL FOR EYE TRACKING

MOVEMENTS

L.R. Young, et al., IEEE Trans. Mil.

Electronics, vol. MIL-7, no. 2/3, April-

July 1963, p. 113/115.

A sampled data model was developed to

describe the major characteristics of the eye

movement control system for nonpredictive

tracking. It agrees with experimental transient

responses and frequency characteristics for

normal eye movements during following of a

moving target in a horizontal plane ....

Related Publications :

LOGIC FOR A DIGITAL SERVO SYSTEM

R.W. Ketchledge, Bell Syst. Tech., vol. 38,

Jan. 1959, p. 1/44.

DESIGN OF DIGITAL CONTROL SYSTEMS

K.S. Fu, et al., Proe. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 335/350.

Every digital control system contains at

least one signal which is sampled in time and

quantized in amplitude. If the system contains

a large number of levels of quantization, it

is often possible to obtain a satisfactory desig_

by neglecting the nonlinear nature of the system.

However, there are many practical situations

where only a few levels of quantization are
available and where full account must be taken

of the nonlinear nature of the system. Two

techniques useful in the design of these nonlinear

systems are presented . . . using a digital

computer to carry out the numerical calculations.

SYNTHESIS OF NONLINEAR DIGITAL

CONTROL SYSTEMS

Y. Fujimoto, IEEE Trans. Mil. Electronics,
vol. MIL-7, no. 1, Jan. 1963, p. 61/69.

• . . a new method for the synthesis of non_

linear digital control systems to fulfill an

optimum performance criterion ....

THE USE OF PULSE- FREQUENCY MODULA-

TION FOR ADAPTIVE CONTROL

G.J. Murphy, et al., Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 271/278.

TECHNIQUES FOR THE OPTIMIZATION

OF CONTROLLED PROCESSES

A.D. Booth, J. Brit, Instn. Radio Engrs.,

vol. 25, no. 6, June 1963, p. 517/524.

Some mathematical representations of

processes are considered and a general

statement made of the requirements for

optimization .... it is shown how various

approximation techniques can be adapted to

sampled systems. Finally a transformation

is given, which enables the past history of

a process to be of utility in correcting

deviations which occur in a process already

optimized ....
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6ETTINGUPA DIGITALCOMPENSATOR
FORUSEINA DATASAMPLING
SERVOMECHANISM(InFrench)

H. Dampure,OndeElectr.,vol.43,no.443,
April1963,p. 415/424.

Inordertoimprovetheinitialresponse
ofasamplingdatasystemwhichincludes
adigitalcompensator,thecapabilitiesof
thistypeofcompensatorarestudied•First
of all the transfer characteristics are

established. The performance in a closed

loop is then described: first of all in a

general case, and then in the particular case
of a discrete quantum step, A simple example

is worked out by way of a practical application.

ON THE STABILITY OF A CERTAIN CLASS

OF NONLINEAR SAMPLED-DATA

SYSTEMS

E• I. Jury, et al., IEEE Trans. on Automatic
Control, vol. AC-9, Jan. 1964, p. 51/61,

16 refs., A64-15913.

Application of a extension of Popov's

method to a study of nonlinear sampled-data

systems . . . Examples are discussed and

the results compared with Liapunov's

quadratic and quadratic plus integral forms
as well as with other methods. The results

obtained from the new theorem yield less

conservative gain values than Liapunov's

method ....

STABILITY STUDY OF PWM FEEDBACK

SYSTEMS

E.I. Jury, et al., (American Socity of

Mechanical Engineers, Joint Automatic

Control Conference, Minneapolis, Minn.,

June 19-21, 1963.) ASME, Transactions,

Series D - Journal of Basic Engineering,

vol. 86, March 1964, p. 80/86, 22 refs.,
A64-15437.

Derivation of a fundamental equation which

yields the limit-cycle feature of PWM feedback

system. The application of this equation to

obtain the response of the autonomous as well

as the forced PWM system is indicated. The

application of this fundamental equation to

ether types of nonlinear sampled-data feedback

systems is also demonstrated ....

OPTIMAL SYNTHESIS OF LINEAR PULSE-

WIDTH-MODULATED COMPUTER

CONTROLLED SYSTEMS

G.J. Murphy, et al., Franklin Institute,

Journal, vol. 277, Feb. 1964, p. 128/139,

13 refs., A64-15308•

• . . optimal synthesis of linear control

systems with pulse-width mdoualtion• The

criterion of system performance is a quadratic

index... The technique, which is based on

the state-variable concept and on dynamic

programming, leads to the determination of a

computer program for calculating the optimum

sequence of signals to be applied to the input

of the pulse-width modulator.

ON THE ASYMPTOTIC STABILITY OF A CLASS

OF SATURATING SAMPLED-DATA SYSTEMS

J.B. Pearson, Jr., et al., (IEEE, Illinois In-

stitute of Technology, Northwestern University,

and University of Illinois, National Elec-

tronics Conference, Chicago, Ill., Oct. 28-30,

1963, paper 63-1440. ) IEEE Trans. on Ap-

plications and Industry, March 1964, p. 81/

85; Discussion, G. P. Szego and Ia. Tsypkin,

p. 85/86; Authors; Reply, p. 86, 28 refs•,
A64-15861.

Presentation of an extension of the Lur'e

stability function to a class of discrete-time

systems which may contain saturation-type

nonlinear elements. Examples are presented

which demonstrate the improved stability

inequalities available from this function.

PERFORMANCE MEASURES AND OPTIMIZA-

TION CONDITION FOR A THIRD-ORDER
SAMPLED-DATA TRACKER

H.R. Simpson, IEEE Trans. on Automatic
Control, vol. AC-8, April 1963, p. 182/

183, A63-17526.

SUPPRESSION OF NOISE EFFECTS IN

PULSE WIDTH MODUALATED

SYSTEMS

H.J. Stein, Coordinated Science Lab.,

Univ. of Illinois, Urbana, Jan 1964,

55 p., Rept• no. R190, AD 437 495.

• • . sampled data feedback system,

consisting of a lead type pulse width mod-

ulator, a general (n-th order), linear, time-

invariant plant, and unity feedback. The closed

loop system is assumed to be stable, and it is

assumed that plant time constants are of the

order of, or shorter than, the pulsing period.

The modulator is assumed to be imperfect

(noisy) ....

SUR LA STABILITE ASYMPTOTIQUE
DES SYSTEMS ECHANTILLONNES

(Asymptotic Stability of Sampled-

Data Systems) (In French with

summary in Russian)

S. Wegrzyn, et al., Academic Polonaise des

Sciences, Bulletin, Serie des Sciences

Techniques, vol. 11, no. 2, 1963, p. 9/11,
A63-19795.
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• . . rigorous mathematical proof for a

stability criterion of a nonlinear sampled-

data system expressed by a finite-difference

equation of the m-order. The proof is based

on the use of the corresponding Liapunov

function, and is a generalization of a previous

criterion derived for a non-linear second order,

finite-difference equation.
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Section 1.48

Other Sampling Modulation Methods

1.482: Pulse Slope Modulation

Included: Triangular pulse waveforms.

Cross References: Pulse position modulation (1. 442); FSM = frequency slope modulation (1. 920).

Principa! Publications :

TRANSMISSION CHARACTERISTICS OF PULSE-

SLOPE-MODULATED SIGNALS THROUGH

BAND-LIMITED SYSTEMS

J. Das, Indian J. Phys., vol. 35, no. 5,

May 1961, p. 245/260.

Distortion, crosstalk and noise charac-

teristics of pulse-slope modulation were

determined. Maximum harmonic distortion

is about 2% for slow cut-off rate of the

medium and about 5% for sharp-cut-off

filters. Slicers introduce more distortion

and non-linearity in modulation ....

SOME EFFECTS OF BANDWIDTH LIMITA-

TION ON PoS.M., P.L.M., AND P.P.M.

SIGNALS

J. Das, Proc. Instn. Elect. engrs. London

(Part C), vol. 109, no. 16, Sept. 1962,

p. 646/655, 23 refs.

A comparative study has been made of the
effects of bandwidth reduction on such

important parameters as sideband and

harmonic distortions, crosstalk attenuation

and message/noise ratios, in pulse-slope

modulation, pulse-length modulation and

pulse-position modulation systems ....
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,Division 1.5

PULSE CODE MODULATION (PCM)

Pulse code modulation is a special form of a digital transmission method and many characteristics of PCM

are identical to those of data transmission systems referenced in division 1.3.

There is one major difference: PCM was originally invented as a highly reliable method for the transmission

of analog voice waveforms. It has remained a method for the transmission of continuous input information

with the help of digital signals. Data transmission systems, on the other side, are primarily designed for

the communication of discrete information and the particular arrangements of the information digits into

words (groups of digits) is normally of secondary inportance.

Thus it should be noted by the user of this bibliography that the problems associated with the conversions of

analog information into digital symbols and vice versa are discussed in this division on PCM. On the other

hand it has been stressed in the comment to division 1.3 that most problems of the actual transmission of

digital information over communications channels are the subiect of division 1.3.

This situation leads to a split of this division into four sections. The first one is the analytical section. It

contains references to the important quantization process and to a number of variations of the basic pulse

code modulation principle,

The second section deals with several design problems of complete PCM systems, such as synchronization

and repeater problems. Again it is necessary to point out that this volume is not concerned with actual

equipment design. Hardware and circuit details are not included, except in cases where a publication deals
with both the analytical (systems) and practical (equipment) problems.

The third section presents references to delta modulation, which may be considered a subclass of PCM, but

which may also be operated as a special variation of a quantized semi-analog pulse time modulation system.

Such a system is quantized in the amplitude domain, but its sampling intervals are not quantized in the time

domain, as sampling takes place instantaneously whenever an amplitude level is exceeded.

The last section (1.57) gives an account of recent publications about special applications of PCM in telemetry

and for picture transmission. Again readers are reminded that equipment descriptions and publications

about operational experience are not included in this volume. Volume 4 of this series is a bibliography of

space communications systems and equipment actually used and there are descriptions of PCM telemetry

systems in the subdivisions of the various space projects.

Section i.50

1. 500: Survey of Pulse Code Modulation

Included: Books on PCM; General references on PCM.

Not Included: Coding theory (2); Gray code (2).

Cross References: Digital transmission systems (Div. 1.3).

Principal Publications:

NOISE-REDUCING CODES FOR PULSE-CODE

MODULATION

J. E. Flood, Proc. Instn. Elect. Engrs., Lon-

don, pt. C, vol. 105, Sept. 1958, p. 391/397.

PULSE CODE MODULATION SYSTEMS,

(Volume I)

W. Hatton, et al., Raytheon Mfg. Co., Waltham,

Mass., Semi-annual progress rept. no. 1,

15 Nov. 1958 - 14 June 1959, AD 226 318.
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PULSE CODE MODULATION SYSTEMS (VOL. 1)

W. Hatton, et al., Raytheon Co., Waltham,

Mass, Semi-annual progress report no. 2,

15 June - 14 Dec. 1959, 205p., AD231 780.

STANDARDS FOR PULSE CODE MODULATION

(PCM) TELEMETRY

IRE Trans. Space Electronics Telemetry, vol.

SET-5, no. 4, Dec. 1959, p. 194/195.
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RESEARCHMODELFORTIME-SEPARATION
INTEGRATEDCOMMUNICATION

H. E.Vaughan,BellSystemTech.Journal,
vol.38,July1959,p. 909/932.

A newcommunicationsystemconceptwhich
is animportantsteptowardanall-digitaltele-
communicationplantisdiscussed•A research
modelcombinesremotelineconcentration,time-
separationswitchingandPCMtransmission.

PCMSYSTEMTRENDS
R. L. Sink,IREWESCONConv.Record,1960,

pt. 5.

A SURVEYOFPCMPROGRESS
R. L. Sink,Proe.Natl.TelemeteringConf.,

May1960,p. 261/269.

PULSECODEMODULATION- PART1- AN
INTRODUCTIONTOPULSECODEMOD-
ULATION

J. S.Whyte,PostOff.Elect.Engrs.J., vol.
54,no.2, July1961,p. 86/91.

PROBLEMSANDPROGRESSINPCM
M.R. Aaron,Proc.Nat.ElectronicsConf.,

vol. 18,Oct.1962,p. 72/81,54refs.

RecentprogressinthedesignofPCMsystems
is traced.Sinceband-limitingandsamplingare
basictoPCM,thedesignoffiltersfortheapplica-
tionis considered•A simpleapproximationtech-
niqueissketchedthatreducesaswitchednetwork
toastationarynetworkfor purposesofdesign.
Severalrestricted-tenarycodessuitablefor
basebandPCMtransmissionaredisplayed.Ad-
vancesintheunderstandingofthetimingperform-
anceofself-timedreconstructiverepeatersare
givenbriefcoverage.

RADIOTELEMETRY(InRussian)
F. I. BarsukovandM. V.Maksimov,

Moscow,Oborongiz,1962,184p.

• . . elementsof radiotelemeteringsystems
withfrequency,time,code,andcombineddivi-
sionofchannels.Particularattentionis devoted
totheproblemsofencoderanddecoderconstruc-
tionin radiotelemeteringsystemsandalsotothe
featuresoftransmitter-receiverandantennasys-
tems.... intendedforthosefamiliarwiththe
principlesofradioengineering....

PULSECODEMODULATIONSTUDYCONTRACT
C. M. Shapiro,etal., PhilcoCorp.,Philadelphia,

Pc., Rept.no.3(Final),1Nov1961- 1June
1962,July1962,44p. incl.illus., table,
AD283579.

• . . 6-channelPulseCodeModulation{PCM)
systemusingnewtechniquesis . . . Multiplex
logic. . . specialsyuccircuits. . . testedwith
theoperationofonechanneltogivevoicedemon-
stration....
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APPLICATION OF PULSE-CODE MODULATION
TO AN INTEGRATED TELEPHONE NET-

WORK - PART 2 - TRANSMISSION AND

ENC ODING

A. Chatelon, Elect. Commun., vol. 38, no. 1,

1963, p. 32/43•

DELTA MODULATION

R. H. Maschhoff, Electro-Technology, vol. 73,

Jan. 1964, p. 91/97. A64-13655.

• . . The delta modulation is compared to

PCM and PRM.

APPLICATION OF PULSE-CODE MODULATION

TO AN INTEGRATED TELEPHONE NET-

WORK - PART 1 - ADVANTAGES OF PULSE

CODE MODULATION

P. Mornet, Elect. Commun., vol. 38, no. 1,

1963, p. 23/31.

Related Publications:

CHANNEL PULSE CODE MODULATION

SYSTEM

W. Hatton, et al., Raytheon Manufacturing Com-

pany, 1958, 64 p., AD 206 770.

STUDY OF PCM-FM TRANSMISSION OVER
TROPOSPHERIC SCATTER SYSTEMS

F. Assadourian, RCA Defense Electronic

Products, N. Y., Final rept. on Task 4,

Sept. 1959, AD230 426.

.... transmission of PCM-FM signals ....

preliminary in the sense that it is devoted pri-

marily to a detailed survey of necessary back-

ground topics such as binary digital error rates

for various types of PCM-FM signals and for
correlation or non-correlation detection ....

A SURVEY OF LITERATURE ON TECHNIQUES

AND INSTRUMENTATION FOR MEASURING

ELECTRICAL PULSE INTERVALS

B. A. Cryce, et al., Autonetics, Downey, Calif.,

28 Feb. 1963, iv, AD403 137.

• . . bibliography . . • on rise time and

width range of very short electrical pulses.

Emphasis has been placed on how to measure

time and peak amplitude by accurate nanosecond

measurements .... covers approximately

a 12-year period with most of the literature en-

compassing the last four years.
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• Section 1.51

Analysis of Pulse Code Modulation Methods

For the analysis of PCM systems, it is important to discriminate between the signal conditioning function,

the signal transmission function, the detection function and the signal processing function.

The first of these four functions is the subject of this section. The transmission function is discussed in

division 1.3; the detection function is referenced in volume 2; and the processing function is, to some ex-

tent, identical with other signal processing functions to be discussed in subject 3A of this series.

The signal conditioning function incorporates the complete analog to digital conversion process. The AD

conversion requires the sampling process (1.41) and the quantization process (to be treated here). The

closely related process of commutation (multiplexing) is subject of a section in volume 2. Design details

of logical circuits for PCM encoders and decoders will not be discussed in this bibliography. The same
applies to A/D converters for control or computer applications.

1. 510: Theory of PCM Systems in General

Included: Total noise in PCM systems; Performance criteria of PCM systems.

Not Included: Coding theory (2).

Cross References: Quantization noise (1.511); Performance criteria of communications systems

(1. 810}; Analysis of PCM telemetry systems (1. 573).

Principal Publications:

THE PHILOSOPHY OF PCM

B. M. Oliver, et al., Proc. Inst. Radio Engrs.,

vol. 36, Nov. 1948, p. 1324/1331.

THE RATE OF TRANSMISSION OF INFORMA-

TION IN PULSE-CODE MODULATION
SYSTEMS

A. R. Billings, Proc. Instn. Elect. Engrs., Lon-

don, pt. C, vol. 105, Sept. 1958, p. 444/447•

CHANNEL CAPACITY OF A BINARY PULSE-

CODE SYSTEM FOR UNEQUAL SYMBOL
DISTORTION PROBABILITIES

L. Z. Kliachkin, Radio Engineering, vol. 13,
no. 4, 1958, p. 33/38.

SIGNAL/NOISE RATIO IN PULSE-CODE MOD-

ULATION SYSTEMS--USE OF THE "IDEAL

OBSERVER" CRITERION

J. W. R. Griffiths, J. Brit. IRE, vol. 19,

March 1959, p. 183/186.

DETECTION LEVELS AND ERROR RATES IN

PCM TELEMETRY SYSTEMS

A. V. Balakrishnan, et al., IRE Conv. Rec., pt.

5, 1960, p. 37/55.

A frequency-domain mathematical model for

comparing the performance of a linear sampled-
data channel to a linear continuous channel is

developed .... The model allows an explicit

albebraic definition of ensemble mean-squared

error, after a finite operating time, by appliea-

tion of residue theory .... The technique
developed is utilized to evaluate the ensemble

mean-squared error due to processing a ve-

hicle velocity estimate . . . in a digital com-
puter .... This problem is of fundamental

importance in present-day pure inertial, pure

Doppler, or inertial-Doppler navigation sys-

terns. The effect of quantization, inherent in

the process of analogue-to-digital conversion,
may be included in this evaluation ....

NOISE IN A PCM TRANSMISSION SYSTEM

H. Scheftelowitz, Ericsson Tech. (Sweden),
vol. 16, no. 2, 1960, p. 207/244.

The different noise sources in a p. e. m.
transmission system have been evaluated and

their impact on the overall signal-to-noise ratio

calculated. Formulas are given which show the

signal-to-noise ratio in relation to repeater
spacing ....

STATISTICAL EVALUATION OF DIGITAL--AN-

ALOG SYSTEMS FOR FINITE OPERATING
TIME

R. B. Northrop, et al., IRE Trans. Automatic

Control, vol. AC-5, no. 2, June 1960. p. 118/
128.
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THE THEORY OF PULSE SYSTEMS

Y. Z. Tsypkin, Moscow, Fizmatgiz, 1958.

• . . At the present time a new scientific

discipline, the theory of pulse systems has
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arisen . . . Ya.Z. Tsypkin'smonograph•. .
constitutesafundamentalworkdescribingthe
stateanddevelopmentofthetheoryofpulsesys-
tems.Thegreaterpartofthemonographis con-
cernedwiththetheoryoflinearpulsesystems
withconstantparameters.Forpulsesystemwith
variableparametersandnon-linearpulsesystems
thebasictheoryandsomeparticularsolutions
whichareofconsiderablepracticalvalueare
described•Bythecommonnatureoftheirdevel-
opmentthetheoryofpulsesystemsis similarto
thetheoryofdiscontinuedsystems.Theresultis
thatit hasprovedpossibletotransfer,afterthe
appropriatevariations,thewellknownmethods
andconceptsofthetheoryofdiscontinuoussys-
temstopulsesystems.... {BookReview)•

COMMENTARYONAPAPERBYKUKLEVCON-
CERNINGTHEINFLUENCEOFNOISEONA
DECODINGUNITUSINGA PULSECODE
GROUP

D. Middlcton,LincolnLab.,Mass.Inst.of
Tech.,Lexington,28Dec.1961,53p. incl.
illus., 10refs. (Rept.no.42G-1),(AFESD
TDR62-143),AD287162.

A 1959paperbyKuklev. . . employingapulse
codegroupofuptofivepulseelements. . . A
translationofKuklev'spaperis given. . .
Kuklev'sbasicmodelis foundtobesatisfactory
andhisapproximationsinmostinstancesarerea-
sonable.However,theaccuracyofhiscalcula-
tionscanbenoticeablyimprovedbymorerefined
approximations•Calculationsarepresentedfor
false-alarmprobabilitiesdifferentfromthevalues
consideredbyKuklev.Thecalculationsshow
therequiredincreaseininputsignallevelasthe
numberofpulsesin thecodegroupis increased•

CONSTRUCTIONANDDECISIONDETECTIONOF
BINARYINFORMATION

B.W.Russell,Proe.Nat.Aerosp.Electron•
Conf.,vol.9,May1961,p. 302/306.

• . . definition of "information" . . . descrip-

tion of a simple Pulse Code Modulation commu-

nication system . • . derives basic signal power,

bandwidth, information rate and error loss factor

relationships . . .

PCM SIGNAL-TO-NOISE PERFORMANCE

J. H. Crow, Nat. Telem. Conf., May 1962,

no. 5-1, p. 1/12.

PROBABILITY OF DISTORTION OF PULSE CODE
MODULATED SIGNALS DUE TO CERTAIN

NON-GAUSSIAN NOISE (Translation)

R. F. Matveev, Radio Engineering and Electronic

Physics, vol. 7, Oct. 1962, p. 1577/1584.

AD63-19212.

• . . probability of incorrect reproduction of

signals in the regenerator . . • due to the com-

bined action of Gaussian noise and dispersion

distortion of the pulses ....
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INVESTIGATION OF ANALOG AND DIGITAL

COMMUNICATION SYSTEMS (pHASE 3

REPORT)

J. G. Lawton, Cornell Aeronautical Lab.,

Inc., Buffalo, N. Y., Final rept•, Feb,

1962 - Feb 1963, May 1963, 175 p., RADC

TDR63 147, AD 407 343.

• . . bounds on the performance of PCM

systems for transmitting analog information

• . . compared with theoretical bounds for sys-

tems of prescribed complexity ....

PCMTELEMETRY PERFORMANCE

H. Scharla-Nielsen, Instruments and Control

Systems, vol. 36, Sept. 1963, p. 91/95,

A63-25966.

• . . methods for specifying PCM telemetry

accuracy and for measuring equipment perform-

ance. Discussed are error categories in PCM

systems which may be separately measured

and specified, including noise, quantizing error,

crosstalk, common mode error, source imped-

ance error, and sample-time error ....

AN ANALYSIS OF THE FACTORS WHICH DE-

TERMINE SIGNAL/NOISE DISCRIMINA-

TION IN PULSED-CARRIER SYSTEMS

D. O. North, Proc. IEEE, vol. 51, no. 7, July

1963, p. 1016/1027.

• . . Reprint of North's classical paper writ-

ten in 1943 (see next reference).

PREFACE TO NORTH PAPER

L. Blake, Proc. IEEE, vol. 51, no. 7, July

1963, p. 1015/1027.

This classic report written in 1943 by

Dwight O. North, appears here for the first
time in a publication readily available to the

engineering profession, although it was issued

as a military-security-classified report during

World War II (RCA Laboratories Report PTR-

6C, dated June 25, 1943)• It is reprinted here

because of its historical importance and because

it is stilla basic but otherwise unavailable ref-

erence of great value in current research ....

SAMPLED DATA MODULATION SYSTEMS

R. Sanders_ In: Space Communications, Edited

by A. V. Balekrishnan, New York, McGraw-

Hill Book Co., Inc., 1963, p. 104/122,

A64-11236.

Survey of three classes of modulation tech-

niques: (1) that which transforms a signal wave-

form into some continuously variable modulation

parameter where no sampling or time quantiza-

tion of the signal source is performed prior to

modulation; (2) that involving continuously var-

iable modulation parameters; and (3) that com-

monly referred to as any general method of
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'digitaltransmission. . . Included . • . syn-
Chronization requirements in class (2) modulation

systems; PCM systems; bandwidth requirements

for PCM systems; error correction and detection
methods in PCM systems; and orthogonal sys-

tems.

Related Publications:

THEORETICAL FUNDAMENTALS OF PULSE

TRANSMISSION

E. D. Sunde, Bell Systems Tech. J., May 1954,

p. 729.

POWER-BANDWIDTH TRADE-OFFS FOR FEED-

BACK FM SYSTEMS: A COMPARISON WITH

PULSE-CODE MODULATION

E. Bedrosian, Rand Corp., Santa Monica, Calif.,

Oct. 1961, 59 p. (Rept. RM-2787), AD 264
781.

. . . For a given quality of service, power

can be traded against bandwidth depending on the

amount of feedback used. Large amounts of feed-

back in a typical system can reduce the amount

of transmitter power required by as much as 8 db

while roughly doubling the radio channel occupied,

compared with a conventional FM system designed

to minimize transmitter power. Assuming an op-

timum detection process, a comparable PCM sys-

tem requires about 3 db less power than a con-

ventional toll-quality FM system but about 5 db

more power than a feedback FM system using 35
to 40 db of feedback.

TECHNIQUES FOR TRANSMISSION OF PULSE

CODE MODULATION SIGNALS

D. D. McRae, Proe. Nat. Telemetering Conf.,

May 1961, p. 11-75/11-86.

The designer of a pulse code modulation sys-
tem which is to be used with an RF link is faced

with the choice of a number of system parameters.

Among those which he must choose, perhaps the
most difficult are the characteristics of the three

filters which determine to a great degree the op-

erational capability of the system. These are the

premodulation filter, the IF band-pass filter,

and the post-detection (but predecision) filter.

The location of these filters in the system is

shown in Figure 1.

CLASSIFICATION AND EVALUATION OF

COHERENT SYNCHRONOUS SAMPLED-

DATA TELEMETRY SYSTEMS

A. Viterbi, Jet Propulsion Lab., Calif. Inst.

of Teeh., Pasadena, 15 June 1961, 10 p.,

(Technical rept. no. 32-123), AD 260 585.

An analysis is given of the various types of

continuous wave and pulse modulation for the

transmission sampled data over channels per-

turbed by white gaussian noise ....

TRANSMISSION OF INFORMATION BY MEANS

OF ORTHOGONAL SIGNALS

I. M. Teplyakov, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 4, April 1963,
p. 1/5.

• . . We shall consider the transmission of

quantized functions, the spectrum of which is

contained within the band from zero to a fre-

quency W 0. The interval T O between two ad-
jacent samples of a function will then be deter-

mined byW 0, i. e., T0= 1/2W0. Allquan-

tization levels will be assumed equiprobable,

their number being denoted by L: . . . It is

well known that if no delay is introduced either

in transmission or reception, the L/1 possible

quantization levels must be transmitted by

means of a system of L/2 equiprobable ortho-

gonal signals and their opposite signals ....

Such a system of signals will be termed op-

timum .... A reduction of the required

signal power can be obtained by introducing
delays in the transmission and reception of in-

formation in the following manner. Two func-
tion samples will be combined into one sam-

ple having L 2 quantization levels. At the

same time an additional delay of value T o will

be required in transmission ....

1.511: Quantization Processes

Included: Quantization noise; Correlation properties of quantized processes; Quantization errors;

Block quantization; Dithering; Independent quantizer activators; Spectra of quantized signals•

Not Included: Gray codes (2).

Cross References: Nonlinear quantization (1. 512); Spectra of pulse trains (1. 413).

Principal Publications:

THE EFFECT OF QUANTIZATION IN

SAMPLED-FEEDBACK SYSTEMS

J. E. Bertram, AIEE Paper No. 58-91, Library

Letter no. 10, March 31, 1958.
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ON THE QUANTIZATION OF FINITE

DIMENSIONAL MESSAGES

M. P. Schutzenberger, Information Con-

trol, vol. 2, May, 1958, p. 153/158.
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THEQUANTIZATIONOFSTOCHASTICSIG-
NALSWITHINFINITESPECTRUMAND
SOMERESULTSOFTHETHEORYOF
PULSETRANSMISSIONOFINFORMATION
(InRussian)

N.A. Zheleznov,Radiotekhnikai Elektronika,
vol.3,1958,p. 1/23.

Atheoremisprovedabouttheoptimum
resolutionof signalsintoorthogonalcom-
ponents,whichgivesthesmallestmean
squareerror.
ELECTRONICQUANTIZINGDEVICES

(Review)
M.A. Aingorn,RadioEngng:Transl.of

Radiotekhnika,vol. 15,no.5, 1960,p. 56/69.

QUANTIZINGFORMINIMUMDISTORTION
J. Max,IRETrans.Inform.Th., vol. IT-6,

no.1,March1960,p. 7/12.
ONMARKOVPROCESSESINCONTROL

SYSTEMSWITHQUANTIZERS
R. P°Wishner,etal., Proc.Nat.Electronics

Conf.,vol.16,Oct.1960,p. 72/78.

It is shownthatthetheoryofBrownian
motionisapplicabletosolvingforprobability
densitiesinaclassonnonlinearcontrolsys-
temswhenthedisturbanceinputis white
noisewithaGaussianprobabilitydensity
function.Attentionis focusedonfirst-order
nonlinearsystems.... Analyticalsolutions
aregivenforthecaseinwhichthecompen-
satingelementsformaquantizer....
QUANTIZATIONINCOHERENTAND

QUADRATURERECEPTIONOF
ORTHOGONALSIGNALS

G.Lieberman,RCAReview,vol. 22,no.3,
Sept.1961,p. 461/486.

• . . Theanalysisisgivenforbothcoherent
andquadraturedetectionwithidealanalogsig-
nalprocessingandfordigitalprocessingusing
timeandamplitudequantization.
ONSOMEPROPERTIESOFTHECORRELATION

FUNCTIONSOFQUANTIZEDLAPLACE
SIGNALS(InFrench)

G.Bonnet,C.R. Acad.Sci.,vol. 255,no.6,
Aug.1962,p. 1064/1066.
• . . Forthestudyofweaksignalsthedis-

creteexpressionforthecorrelationfunction
obtainedbyquantizationofastationaryrandom
signalis transformedintoananalyticform.
Thepropertiesofthecorrelationfunctionsof
strongandweakfunctionsarebrieflydiscussed.
ONTHESECONDORDERSTATISTICSOF

QUANTIZEDRANDOMSIGNALS(InFrench)
G.Bonnet,C.R.Acad.Sci.,vol.255,

no.5, July1962,p. 825/827.

Realrandomsignalsarereplacedbya
quantizedstep-functionapproximation.

Quantizedexpressionsaregivenforthechar-
acteristicfunction,mathematicalexpectation,
meansquareandeovariance.Theparticular
caseofarandomstationaryLaplacefunctionis
treatedandthenormedcorrelationfunctionand
characteristicfunctiondetermined....

THEMAJORIZATIONOFQUANTIZATION
ERRORSINDYNAMICPROGRAMMING
CALCULATIONS(InFrench)

J. J. Guignabodet,C.R. Acad.Sci.,vol.255,
no.5, July1962,p. 828/830.

Expressionsarefoundfor upperboundsofthe
errorin thedecisionfunctionassumingthatthe
processtransitionfunctionsatisfiesaLipschitz
condition.Theresultisextendedtothecaseof
quantization.

REDUCTIONOFQUANTIZINGNOISEBYUSEOF
FEEDBACK

H.A. Spang,III, etal., IRETrans.Commun.
Syst.,vol.CS-10,no.4, Dee.1962,
p. 373/380•

• . . usinglinearfeedbackaroundthe
quantizertoshapethenoisespectrum.Each
outputsamplewill thencontainnotonlysignal
informationbutalsoinformationabouttheerrors
intheprevioussamples.Suchasystemis
analyzedfor randominputsignalsofarather
generalnature.... Acomparisonismadeof
themean-squareerrorwithandwithout
feedback....

CORRELATIONFUNCTIONANDSPECTRAL
DENSITYOFAQUANTIZEDPROCESS

A. I. Velichkin,RadioEngng:Transl.of
Radiotekhnika,vol. 17,no.7,July1962,p.
70/77•

• . . ofalevel-andtime-quantizedprocess
• . . Severalinvestigationsofthecorrelation
functionandspectraldensityofaquantized
processareknown.... werelimitedtoan
examinationofthecasewhenthelevel-
quantizationunithadauniformcharacteristic•
Moreover,thelevelquantizationandthetime
quantizationwereanalyzedjointlyandthis
ledtosuchcomplexexpressionsforthe
correlationfunctionthatthespectraldensity
couldonlybedeterminedapproximately•
• . . solution•. . below.., is validfor
anycharacteristicsoftheunitcarryingout
thelevelquantization.Moreoverthelevel
andtimequantizationsareexamined
separately....
AGENERALTHEORYOFAMPLITUDE

QUANTIZATIONWITHAPPLICATIONS
TOCORRELATIONDETERMINATION

D. G.Watts,Proe.Instn.Elect.Engrs.,
London,(PartC),vol. 109,no.15,
March1962,p. 209/218.

• . . usedtoinvestigatetheeffectsof
signalquantizationonthedeterminationof
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qorrelation function. Theoretical expres-
sions are obtained for the cross-correlation

between signals and quantization noises and

for the cross-correlation between quantization
noises. From considerations of the theory

of amplitude quantization, a general form

for multiplier correlators is determined. The

perfect analogue eorrelator, the digital com-

puter applied to corrleation determination,

the relay correlator and the polarity-
coincidence correlator are all shown to be

special cases fo this general form• In addi-
tion, a new correlation method termed

Stieltjes correlation is deduced. This
method, in which one of the inputs is

coarsely quantized and the other is not, is
described in detail and is shown to possess

many advantages over the correlators

mentioned above ....

ASYMPTOTICALLY OPTIMUM QUANTIZERS

AND OPTIMUM ANALOG TO DIGITAL

CONVERTERS FOR CONTINUOUS SIGNALS

(Correspondence)

L. I. Bluestein, IEEE Trans. Inform. Th.,

vol. IT-10, no. 3, July 1964, p. 242/246.

• . . concerned with the quantization of

noisy, continuous signals .... consider the

problem of finding a discrete-output trans-

ducer whose output is a close replica of the

noise-free signal in an appropriate statis-

tical sense ....

APPLICATION OF PULSE-CODE MODULATION

TO AN INTEGRATED TELEPHONE NET-

WORK Part 2--Transmission and Encoding

A. Chatelon, Elect. Commun., vol. 38, no• 1,

1963, p. 32/43•

CONSIDERATION OF LEVEL QUANTIZATION
IN THE SYNTHESIS OF DIGITAL AUTO-

MATIC CONTROL SYSTEMS.

S. M. Fedorov, (Tekhnicheskaia Kibernetika,

Jam--Feb. 1963), In Russian, Engineering

Cybernetics, Jan.--Feb. 1963, p. 101/108,

16 refs., Translation, A64-15934.

Establishment of conditions that eliminate the

possibility of periodic oscillations in a digital

control system synthesized by the method of

typical logarithmic frequency characteristics.

Theseperiodic oscillation regimes arise from

level quantization in digital automatic control

systems . . .

NUMBER OF QUANTIZATION LEVELS AND

INTERVALS REQUIRED FOR THE

DISCRETE REPRESENTATION OF WEAK

SIGNALS IN NOISE

L° I. Filippov, (Radiotekhnika i Elektronika,

vol. 8, March 1963, p. 497/499.)In

Russian, Radio Engineering and Electronic

Physics, March 1963, p. 440/442,
Translation, A64-10445.

Note on a method for quantizing weak signals

in noise, a procedure which is necessary for the

193

computer processing of the signals. An interval

in the time quantization can be determined by
means of Kotel'nikov's theorem, which can only

be applied to infinite waveforms. The error

incurred when the theorem is applied to'a
finite waveform is calculated•

IMPROVING THE QUANTIZATION OF RANDOM

SIGNALS BY DITHERING

G. G. Furman, RAND Corp., Santa Monica,

Calif., May 1963, 35 p., RAND RM3504 PR,
AD 405 473.

• . . practical problems of determining the

effects of independent quantizer activators

called dithers upon the statistical processing

properties of the quantizer. • . For the highly

important sinusoidal and sawtooth dithers exact

anaylsis yields for the first time answers . . .
to the question of what upper bounds does the

dither impose.

SOME RELATIONS BETWEEN DIGITIZING

PARAMETERS AND CALCULATED

STATISTICS OF A WAVEFORM

R. McAulay, Illinois Univ. Engineering Experi-

ment Station, Urbana, 15 Aug. 1963, 35 p.,

Rept. nos. TRI8, TRI., AD 419 905.

• . . to investigate the effect which the analog-

to-digital converter has in perturbing the values
of certain statistics from their true values ....

the analog of the actual sampling and quantizing

process is developed as a computer program.

This program can then be used to operate on the

mathematical analog of the waveform under

consideration to produce a new set of data points

which represents the quantized amplitudes at

successive sample times. Using these data the

sample statistics are calculated and compared

with the true values, which, in this case, can

be calculated directly using the mathematical

expression for the incoming waveform ....

BLOCK QUANTIZATION OF CORRELATED

GAUSSIAN RANDOM VARIABLES

J. J. Y. Huang, et al., IEEE Trans. Commun.

Syst•, vol. CS-11, no• 3, Sept. 1963,

p. 289/296.

For the transmission of information from

a continuous source over a digital channel . . .

The usual procedure is to sample the con-

tinuous source output at regular time intervals

and then quantize the samples in amplitude.

• . . This paper is concerned only with the

quantization process .... If successive

samples are statistically dependent it should

clearly be possible to reduce the average

quantization error without increasing the

total number of digits used for representing

a set of N samples .... The present

paper deals with a more restricted proce-

dure. Its merits are the absence of any

limitation of fineness of quantization and the

relative ease of designing quantizers of

moderate block length ....
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NEKOTORYEVOPROSYMATEMATICHESKOGO
OBOSNOVANIIAVYBOROCHISLAOBLASTEI
KVANTOVANIIAVANALOGODISKPETNYKH
PREOBRAZOVATELLIAKH(CertainProblems
Involvedin theMathematicalSubstantiation
oftheSelectionoftheNumberofQuantization
DomainsinAnalogDiscreteConverters)(In
Russian)

M°I. Lanin,etal., Avtomatikai Telemekhanika,
vol. 24,April1963,p. 573/578,A63-19820.

• . . relationbetweenthequantityof infor-

mation and the magnitude of the quantitization

domain, for both normal and nonuniform error

distributions introduced prior to conversion• A

solution is obtained for purely additive errors

in the automatic control and telemetering

problems•

QUANTIZATION ERRORS IN DIGITAL CONTROL

SYSTEMS

J. B. Slaughter, IEEE Trans. Automatic Con-

trol, vol. AC-9, Jan. 1964, p. 70/73; Dis-

cussion, Bernard Widrow, p. 73, 74; Author's

Reply, p. 74, 5 refs•, A64-15915.

• . . The amount of error introduced in the

output by any one quantization operation was

found to depend upon the sampling rate, system

time constants, and the form of the controller

chosen for system compensation. For a third-

order plant the error due to quantization was
determined to be approximately ten times the

value of the quantizing level, and was reduced

six times by increasing the sampling rate by a
factor of two.

QUANTIZATION ERRORS AND THEIR EFFECTS
IN DIGITAL CONTROL SYSTEMS

J. B. Slaughter, Navy Electronics Lab., San

Diego, California, 31 Jan. 1963, 30 p.,

(NEL rept. no. 1156), AD 298 934.

KVANTOVANIE NEPRERYVNYKH SOOBSHCHENII

S MINIMAL'NOI SREDNE KVADRATICHNOI

OSHIBKOI (Quantification of Continuous Infor-

mation at Minimum Mean-Square Error) (In

Russian)

A. I. Velichkin, Radiotekhnika, vol. 19, March

1964, p. 66/75, A64-17755.

Investigation of the conditions of minimum
distortion in the quantification of continuous

information with respect to time and levels. It

is shown that the determination of the optimum

parameters of the quantifier with respect to

levels requires a two-dimensional probability

density distribution of the quantized information;

the selection of these optimum parameters de-

pends upon both the quantization step with respect

to time, and the delay in the communication

channel . . . The quantification of information

having both a normal and a Rayleigh distribution

of the probability density is examined in detail.

OPTIMUM CttARACTERISTICS OF QUANTIZERS

A. I. Velichkin, Telecommunications and Radio

Engineering, Part II-Radio Engineering, vol.

18, Feb. 1963, p. 1/7, A63-20638.

• • • criterion used is that of a minimum mean-

square error .... the optimum characteristics

are determined by the primary distributions of

the continuous messages to be transmitted ....

Quantizing devices having uniform character-

istics have optimal features if they are preceded

by suitable compressors and followed by suitable

expanders .... The optimum characteristics of

expanders are not the inverse of the compressor
characteristics• A convenient measure of the

distortions introduced in a process by quantization

is, in certain cases, the entropic noise power of

quantization.

DEVELOPMENT AND EVALUATION OF PROCE-

DURES FOR QUANTIZING MULTIVARIATE

DISTRIBUTIONS

P. Zador, Stanford U., Calif., 10 Dec. 1963,

64 p., Rept. no. TR92, AD 426 677.

• . . approximation generated by a specific

but arbitrary partition and a specific but arbi-

trary set of representation points is examined•

A statistical measure of error is investigated•

The size of the error is measured by some mo-
ment of the random variable . . . The behavior

of the minimum error when there is a large num-

ber of representation points is demonstrated•

This extension takes into account the entropy rate

of the discrete quantizing sequence•

Related Publications:

GRAY CODES AND PATHS ON THE N-.CUBE

E. N. Gilbert, Bell Systems Tech. J. , vol. 37,

no. 3, May 1958, p• 815-.

CAPACITY OF A CHANNEL WITH QUANTIZED

MODULATION

V. M. Baykovskiy, Radio Engng: Trans. of

Radiotekhnika, vol. 16, no. 7, 1961, p.

9/18.

A

J.

TIIEORY OF QUANTUM COMMUNICATIONS

B. O'Neal, Jr., Florida U., Gainesville

Engineering and Industrial Experiment Sta-
tion, 5 Dec. 1962, 74p., refs., AFCRL 64-3,

AD 429 721, N64-15808.

• . . Bounds for the capacity of a band-limited

quantum channel in the absence of external or
thermal noise are found ....

TIME QUANTIZATION OF A SIGNAL OF FINITE

AREA

M. V. Rybashov, Radio Engng: Transl. of Radio-

tekhnika, vol. 17, no. 12, Dec. 1962, p.

11/14.

• . . problem of time quantization of a signal

• . . of finite area with bounded frequency spec-

trum ....

194
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_TANDARDIZEDMETHODFORDETERMINA-
TIONANDPRESENTATIONOFQUANTIZED
COMMUNICATIONREQUIREMENTS

ITTCommunicationSystems,Inc., Paramus,
N.J., June1962,57p. incl. illus•, refs.,
Rept.no.ICS-62-MGT-36,AD295574.

Rawcommunicationdatamustbequantized
inordertotakeadvantageofEDPapplications
todesignproblems(filemaintenanceandin-
formationretrieval).... programofdevel-
opingandanalyzingAir ForceCommunications
requirements.

SAMPLINGANDQUANTIZATIONERRORSIN
ADIGITALLYMECHANIZEDINERTIAL
NAVIGATOR

N.A. Boehmer,etal.,IEEETrans.Mil.
Electronics,vol.MIL-7,no.1, Jan.1963,
p. 56/61.

• . . Timeandfrequencydomainanalysisof
thesampled-datasystemis presentedandthe
effectsofquantizationpresentatthedigital
computerinputandoutputareevaluated....

SYNTHESISOFOPTIMALFILTERSFORA
FEEDBACKQUANTIZATIONSYSTEM

"E.G.Kimme,etal.,IEEEIntern.Conv.Ree.,
pt. 2, vol.11,March1963,p. 16/26;
IEEETrans.CircuitTheory,vol. CT-10,
no.3, Sept.1963,p. 405/413.

• • • proposalforabase-bandquantization
systemfornarrow-bandtelevisionsiglaalsin-
corporateslinearpredistortionandreconstruc-
tion,andalinearnoisefeedbacklooparound
thequantizer....

METODVYCHISLENIIAVEROIATNOSTI
DOSTIZHENIIAZADANNOGOUROVNIA
DISKRETNYMNAKOPITELEM(AMethod
for DeterminingtheProbabilityof
AttainingaGivenLevelbyaDiscrete
StorageUnit)(InRussian)

B.B. Levin,Radiotekhnikai Electronika,vol.
9, Feb.1964,p. 211/218,11refs.,A64-
17125.

A
J.

THEORYOFQUANTUMCOMMUNICATIONS
B. O'Neal,FloridaU., EngineeringandIn-
dustrialExperimentStation,Gainesville,
Dec.1963,66p., Rept.no.SR2,AFCRL
643, AD429721.

A modelfor abandlimitedquantumcommu-
nicationschannelandthechannelcapacityofsuch
suchachannelintheabsenceofexternaland
thermalnoiseareinvestigated.... Themere
factofquantizationitself, i. e., thataquantized
signalis restrictedtoafinitenumberofstates
whichit canassume,limitstheabilityofthe
signaltocontaininformation.Theotherfactor
whichdegradestheperformanceofachannelis
thateverybandlimitedsignalcontainsanirre-
ducibleuncertaintywhichis duetotheuncer-
tainityprinciple.Thisreportrepresentsanat-
tempttoconstructareasonablemodelwhichtakes
thesetwofactorsintoconsideration.

I. 512 : Nonlinear PCM

Included: Logarithmic PCM; Logarithmic quantization; PCM companding laws; Amplitude compression

in PCM; Nonlinear characteristics of quantizers; Companded pulse coders.

Not Included: Nonlinear control systems; Compaading processes (2); Amplitude compression in

general (2); Signal encoding equipment.

Cross References: Quantization processes in general (1. 511).

Principal Publications:

REGARDING THE COMPUTATION OF THE

CHARACTERISTICS OF COMPRESSION IN

SYSTEMS WITH PULSE-CODE MODULA-

TION (English translation)

I. A. Lozovoy, Telecommunications, no. 10,
Oct. 1961, p. 18/25.

• . . The stated problem is the determination

of compression which, in a telephone signal

transmission system with pulse-code modulation

will permit one to obtain the highest signal-to-

quantization noise ratio for signals with variable

power. Described is the method of computations

of the characteristics of compression for a given

dependence of the signal-to--qnantization noise

ratio on the power of the signal.
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A P.C.M. LOGARITHMIC ENCODER FOR A

MULTI-CHANNEL T.D.M. SYSTEM

J. C. Davis, Proc. Instn. Elect. Engrs.

London, Part B, vol. 109, no. 48, Nov.
1962, p. 481/483.

A digitally controlled logarithmically-varying

current source is described which is suitable

for incorporation in a p. c.m. feedback encoder

and decoder working at 1.6 megabits/sec and

transmitting telephone-quality speech ....

P. C.M. systems for the transmission of speech
often use some form of linear encoder and de-

coder with a separate compandor. Instantaneous

compandors have been described for use in multi-

channel systems where they form part of the
equipment common to a number of channels ....

In the development of practical and rugged p. c. m.
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systemsthereareadvantagesinusingacoding
systemwhichhasaninherentnon-linearcharac-
teristicandthusneedsnoseparatecompandor•
• • *

A COMPANDED CODER FOR AN EXPERI-

MENTAL PCM TERMINAL

H. Mann, et al., Bell. Syst. Techn. J., col.

41, no• 1, Jan. 1962, p. 173/222.

• . . consists of a logarithmic instantaneous

compandor plus a linear (equal step) coder. The

companded coder plays a major role in deter-

mining the over-all performance of the 1-1/2

megabit system .... performance of the all-

semiconductor equipment that performs the

analog-to-digital and digital-to-analog conver-
sions for the PCM terminal.

A SURVEY OF TELEPHONE SPEECH-SIGNAL

STATISTICS AND THEIR SIGNIFICANCE IN

THE CHOICE OF A P.C.M. COMPANDING

LAW

R. F. Purton, Proc. Instn. Elec. Engrs., London,

(Part B), col. 109, no. 43, Jan. 1962,

p. 60/66.

CODING AN ANALOG VARIABLE FOR CON-

STANT PERCENTAGE ERROR

R. A. Cliff, NASA, Goddard Space Flight Center,

Greenbelt, Md., March 1964, 20 p•, refs•,

NASA TN D-2257, N64-17727•

• . . It is shown that a logarithmic quantiza-

tion scheme produces an uncertainty in the output

that is constant over the input range that the

system is designed to cover. Relationships are

derived between the uncertainty that must be

tolerated, the width of the input range to be

covered, and the number of discrete outputs

required . . .

LOGARITHMIC PCM ENCODING WITHOUT

DIODE COMPANY)OR

1.518:

H. Kaneko, et al., IEEE Intern. Cony. Record, .

Pt. 8, col. 11, March 1963, p. 266/281,

IEEE Trans. Commun. Systems, col. CS-11,
no. 3, Sept. 1963, p. 296/307•

Instantaneous companding is a useful technique

for the improvement of the transmission quality

of PCM systems .... various nonlinear en-

coding and decoding techniques without using

diode compandors are stated.

OPTIMUM CHARACTERISTICS OF QUANTIZERS

A. I. Velichkin, Radio Engng: Transl. of Radio-

tekhnika, vol. 18, no. 2, Feb. 1963, p. 1/7.

• . . the characteristics which are optimum

both with respect to the mean-square-error and
the information criteria are established ....

Level quantization is the transformation of a

process _ (t) by means of a nonlinear device

having a stepped characteristic .... The

problem of selecting optimum characteristics

for a quantizing device has been investigated in a

number of papers .... nonlinear characteristic

that ensures a minimum mean-square deviation

of the quantized process . . . from the input

process...

Related Publications:

REDUCTION IN QUANTIZING LEVELS FOR

DIGITAL VOICE TRANSMISSION

M. J. Wiggins, et al., IEEE Intern. Cony. Rec.

Pt. 8, col. 11, March 1963, p. 282/288.

Various Special PCM Methods

• . . A method of processing speech to allow a

reduction of quantizing levels for PCM has been

developed and applied to a tropospheric scatter

communication system• A unique PCM is used

which is derived from PPM and is applicable

to a random access system for increased band-

width utilization• An improved detector and

demodulator has been developed to provide dis-

crimination against noise and cross talk ....

Included: Bi-ternary PCM; Multi-level PCM; M-ary PCM encoding; Non-binary pulse code modula-

tion; Bi-orthogonal PCM; Quaternary PCM; Weighted PCM; Di-pulse PCM; Di-phase PCM cable

system; Bi-polar signals in PCM; PCM with PPM vernier operations; Vernitel system; Quadraphase

subcarrier techniques for independent PCM channels.

Cross References: PCM systems for special applications (Sect. 1.57); Higher order digital trans-

mission systems (1.313); Bi-orthogonal digital sequences in data transmission (1. 314); Bi-polar

repeaters for PCM (1. 522).

Principal Publications:

WEIGHTED PCM

E. Bedrosian, IRE Trans. Inform. Th., col.

IT-4, no. 1, March 1958, p• 45/49.

• . . relative amplitudes of the pulses within

tile pulse-code groups are adjusted so as to mini-

mize the noise power in the reconstructed sigmal

due to errors in transmission.

ON WEIGttTED PCM AND MEAN-SQUARE

DEVIATION (Correspondence) (The RAND

Corporation, Santa Monica, California)

R. Bellman, et al., IRE Trans. Inform. Th.,

col. IT-4, no. 1, March 1958, p. 58/59•

A COMPARISON OF TRANSMISSION METHODS

FOR PULSE CODE MODULATION

COMMUNICATION SYSTEMS

A. P. Brogle, Army Signal Research and

Development Lab., USASRDL Technical

rept. no. 1954, Oct. 1958, 47p•, AD227
104.
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. . . Anewmethodoftransmission,called
l_iternary,isdescribedandis comparedwith
quaternarytransmissionasameansofdoubling
thechannelcapacityof PCMsystemswithout
requiringincreasedbandwidthor transmission
facilities....

A NEWTRANSMISSIONMETHODFORPULSE-
CODEMODULATIONCOMMUNICATION
SYSTEMS

A. P•Brogle,IRETrans.Commun.Syst.,vol•
CS-8,no•3, Sept.1960,p• 155/160.

• . . studyofthebasicfactorsunderlyingthe
selectionofapreferablemethodoftransmission
forpulsecodemodulationcommunicationsystems.
A newmethodoftransmission,calledbiternary,
is describedandis comparedwithquaternary
transmission,asameansofdoublingthechannel
capacityofPCMsystemswithoutrequiringin-
creasedbandwidthor transmissionfacilities
• . . Theuseofbiternarytransmissionisplanned
inpresentandfuturemilitarypulsecodemodula-
tioncommunicationsystems•
A HIGHLYPRECISEFM/FMTELEMETERING

DEVICE
H.K• Schoenwetter,IRECony.Rec•Pt•5,

Communs•Systems,SpaceElectronics&
Telemetry,N.Y., vol.8, March1960,
p. 56/62•

TheheartoftheVernitelisaspecialquantizer
whichconvertstheinputsignalvoltageintotwo
voltagecomponents- aquantizedvoltageanda
verniervoltage- whosesumisequaltotheinput
voltage.

ANALYSIS OF A PCM SYSTEM EMPLOYING

A PPM VERNIER

W. H. Lob, IRE Trans. Commun. Systems,

vol. CS-9, no. 9, Dec. 1961, p. 342/349.

The upper limit to the output SNR of sampled-

data PCM systems is set by the quantization

noise. The present study . . . overcoming this

limitation by employing time shifting of the PCM

pulse groups so as to constitute an analog encoding

of the difference between the sample amplitude

and the nearest quantization level.

DEVELOPMENT OF DIPHASE PCM CABLE

SYSTEM

R. A. Couturier, Stelma, Inc., Stamford, Conn.,

Quarterly progress rept. no. i, and addendum,

29 May-15 Sept. 1962, 12 Oct. 1962, 15 p.

incl. illus., AD 288 000.

DEVELOPMENT OF DIPHASE PCM CABLE

SYSTEM

R. Couturier, Stelma Inc., Stamford, Conn.,

Quarterly progress rept. no. 2, 16 Sept.-

15 Dec. 1962, 15 Dec. 1962, 28 p., Rept.

no. 2, AD 298 585.

TRANSMISSION OF MULTI-LEVEL DIGITAL

SIGNALS THROUGH NOISE-FREE DIS-

TORTING CHANNELS

L. W. Hill, Proc. Instn. Elect• Engrs.,

London (Part B), vol. 109, no. 44, March

1962, p. 165/173.

• . . The transmission of digital information

by variation of the energy level of pulses of fixed

shape is limited by channel distortion even in the
absence of noise .... The case of a channel

with an exponentially decaying impulse charac-

teristic, for which the maximum rate is inde-

pendent of the number of levels, is of special

interest as a large class of passive linear

networks has this characteristic at least

asymptotically ....

BINARY TO TERNARY CONVERSION BY

LINEAR FILTERING

J. K. Wolf, et al., Rome Air Development

Center, Griffiss Air Force Base, N• Y.,

May 1962, 8 p. incl. illus., 3 refs.,

RADC TDR 62-230, AD 278 264.

A simple linear filter consisting of a delay
element and an adder is described for con-

verting a random stream of binary pulses into

a stream of ternary pulses . . . Another simple

linear filter is described for reconverting the

stream of ternary pulses into the stream of

binary pulses• Results of an experimental

implementation of such a system are presented.

Also, a generalization of this scheme for binary

to N-ary to binary conversion is discussed•

A QUADRAPHASE SUBCARRIER TECHNIQUE
FOR TRANSMISSION OF TWO INDEPENDENT

PCM CHANNELS

D. L. Anderson, Proc. Nat. Telem. Conf.,

May 1963, no. 10-3.

A phase-division multiplex technique (quadra-

phase modulation) for the simultaneous trans-

mission of two independent PCM Channels is

described, analyzed, and compared to frequency
and time division multiplex techniques . . • use

of a product demodulator for demodulation of the
IF carrier ....

DEVELOPMENT OF DIPHASE PCM CABLE

SYSTEM

R. Couturier, Stelma, Inc., Stamford, Conn.,

Quarterly Progress rept• no. 3, 15 Dec. 1962-

15 March 1963, 1 vol., AD 409 919.

THEORETICAL DISCUSSION OF DIPHASE

TRANSMISSION

L. U. Dworkin, Army Electronics Research &

Development Agency, Ft. Monmouth, N.J.,

Sept. 1963, 26 p., AELRDL TR 2358,
AD 421 519.

The problems of sendings many communica-

tion channels over a single cable for relatively

great distances has long been one of the primary

problems in military communications ....

approach that can be used to greatly improve

PCM transmission over Cable, CX-4245. The

present cable transmission system consists of

attended repeater points every 40 miles with

unattended repeater points every mile. These

repeaters must carry out total pulse regenera-

tion for signals at a pulse rate of 2. 304 megabits

per second. The present modulation approach

• . . is called dipulse and has a variety of
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deficiencies associated with its realized sys-
tem .... The use of diphase modulation is

proposed in place of dipulse with no change in

repeater spacing or pulse transmission frequency.
A differential diphase repeater was subjected to

extensive theoretical analysis ....

SOME ASPECTS OF BITERNARY

TRANSMISSION

M. Hooten, et al°, Army Electronics Research &

Development Agency, Ft. Monmouth, N.J.,

April 1963, 6 p•, AELRDL 2357, AD 420 286.

The transmission of a PCM signal using bi-

ternary signaling is reviewed• Two different

biternary signals are compared with respect to

their ease of generation and detection ....

Related Publications:

PROBLEMS AND PROGRESS IN PCM

M. R• Aaron, Proc• Nat. Electronics Conf.,

vol• 18, Oct. 1962, p. 72/81, 54 refs.

• . • Several restricted-ternary codes suitable

for baseband PCM transmission are displayed•

ERROR RATES IN COHERENT COMMUNICA-
TION SYSTEMS

A. V. Balakrishnan, et al., IRE Trans. Commun•

Systems, vol• CS-10, no• 1, March 1962,

p. 86/89.

In coherent PCM communication systems where

the noise is additive and Gaussian (such as in

space communication systems) two classes of non-

redundant coding are of special interest• One is

Regxflar Simplex Coding which yields the lowest

Section 1.52

Design Problems of Pulse Code Modulation Systems

possible error rate for fixed SNR. The other is.

Bi-orthogonal Coding because of its many desira-

ble features from the practical point o£ view.

. . °

AFFINE M-ARY GRAY CODES

M. Cohn, Inform. Control, vol. 6, no. 1, March
1963, p. 70/78.

• . . presents a nontable-lookup technique
for generating a class of n-dimensional m-ary

Gray codes for every pair (n, m) of integers.

It does not seek to exhaust all such codes, but

restricts itself to a class characterized by simple

encoding and decoding schemes ....

A VERNIER AMPLIFIER FOR PRECISION

TELEMETRY

S. S. Thaler, Missiles and Space, vol. 11, Feb.

1963, p. 32, 33, 55, A63-12995.

Description of a miniaturized and trans-

istorized electronic analog of the mechanical

micrometer. The transfer function and specifi-

cations of the device are presented, and the

theory of operation is outlined. The digital-

telemetry and data-transmission systems are

discussed, and application possibilities are

noted. A block diagram of the device is

presented•

CODING METHOD FOR TRANSMISSION OF

BINARY NUMBERS OVER A NOISY
CHANNEL

E. V. Voronov, Radiotekhnika i Elektronika,

Aug. 1963, p• 1312/1318, In Russian, A63-

25287, Radio Engineering and Electronic

Physics, Aug. 1963, p. 1273/1279, 6 refs.,
Translation, A64-17668.

There are two special problems which require the application of unusual techniques differing from the normal
design practice in other branches of communications•

Special PCM repeaters, so called regenerative repeaters, are necessary when making full use of the noise

reducing characteristics of PCM. Subdivision 1. 522 has references to such repeaters, but also to associated

link problems, such as order wire operation in PCM systems.

The second key problem is the synchronization subsystem in PCM installations. It is more complex than the

synchronization circuits which are required for clocked digital transmission systems. PCM requires word

and frame synchronization in addition to bit synchronization. (See 1. 523).

1. 522: PCM Repeaters

Included: Order wires in PCM systems; Regenerative repeaters; Bi-polar repeaters, Reconstructive
repeaters; Dig2tal regenerators; Negative impedance repeaters•

Not Included: Amplifier design; Time division multiplex systems (2); Radio relay links.

Principal Publications:

STATISTICS OF REGENEIIATIVE DIGITAI,

TRA NSMISSION

W. R. Bennett, Bell System Tech. Journal,
vol. 37, Nov. 1958, p. 1501/1542.

AN EXPERIMENTAL PULSE REPEATER FOR

TRANSMISSION OF INVERTED BINARY
PULSE SIGNALS OVER FIELD WIRE

1I. Wolf, Army Signal Research & Development
Lab., Fort Monmouth, N• J•, ASRDL technical

rept. no. 2082, Oct. 1959, 36p., AD 232 499.
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Theproblemsconnectedwiththetransmission
ofaonemegabitbinarypulsesignaloverfield
wireWD-1/TTarediscussed.Theinverted
binarypulsesignalis introducedandthedesign
ofarepeaterforinvertedbinarypulsesis
described.Theresultsofcascadingaseries
oftheserepeatersareshown.It is concluded
thatthelackofaninexpensiveandreliable
retimingcircuitis aproblemwhichrequires
furtherstudy•

THEE6NEGATIVEIMPEDANCEREPEATER
A. L. Bonnet,BellSyst.Tech•J., vol.39,

no.6, Nov•1960,p• 1445/1504.

• . . a low-cost,transistorized,voice-
frequency,two-wayrepeaterforusein the
exchangeareaplant,includinguseintrunks
betweenlocalofficesandbetweenlocaland
toll offices....

PROBABILITYDISTRIBUTIONSFORTHE
PHASEJITTERIN SELF-TIMED
RECONSTRUCTIVEREPEATERSFORPCM

M.R.Aaron,etal., BellSyst.Techn.J.,
vol.41,no.2, March1962,p. 503/558.

PROBLEMSANDPROGRESSIN PCM
M.R. Aaron,Proc.Nat.ElectronicsConf.,

vol. 18,Oct.1962,p. 72/81,54refs.

. . . Advancesintheunderstandingofthe
timingperformanceofself-timedreconstructive
repeatersaregivenbriefcoverage.
ANORDER-WIREFORPCMSYSTEMS
R. Gardner,etal., RCADefenseElectronic

Products,NewYork,Finalrept., TaskIIA
onMicrowaveRadioRelaySystemsStudy,
28Feb.1962,72p.incl.illus., 3refs.,
Rept.no.CR-62-419-2,AD274840.

TIMINGERRORSIN A CHAINOFREGENERA-
TIVEREPEATERS,I ANDII

B.K. Kinariwala,BellSyst.Tech.Journal,
vol.41,no.6, Nov.1962,p. 1769/1797.

Thepulsedisplacementsproducedbytiming
errorsinachainofregenerativerepeaters(using
tuned-circuittimingfilters)arerepresentedbya
lineartransformationofthepulsedisplacements
attheoutputofthefirst repeater....
PROBABILITYOFPCMSIGNALDISTORTION

BYGAUSSIANNOISEASA FUNCTIONOF
THENUMBEROFREPEATERSAT LARGE
SIGNAL-TO-NOISERATIOS

R. F. Matveev,Radiotekhnikai Electronika,
vol. 7,Aug.1962,InRussian,Radio
EngineeringandElectronicPhyiscs,vol.7,
Aug.1962,p. 1217/1224,Translation,A63-
12856.

Estimationoftheprobabilityoffalsedetection
for communicationlinksconsistingofn-repeater
sections.Therelationbetweentheoptimum
limitinglevelandtherelativenumberofrepeaters
in thecircuitis assessedforidealregenerative

amplifiersandforamplifierswhichdifferslightly
fromtheideal.A largeSNRispostulatedin the
calculations.

A BIPOLARREPEATERFORPULSE
CODEMODULATIONSIGNALS

J.S.Mayo,BellSyst.Techn.J., vol.41,
no.1, Jan.1962,p. 25/97.

Designedforuseonunloadedexchange
cable.... utilizesapulserepetitionfrequency
of1.544mc,and6000-ftrepeaterspacing.

BITSYNCHRONIZATIONANDDATAREGENER-
ATIONTECHNIQUES

R. C.Payne,etal., Proc.Nat.Telem.Conf.,
vol.2, May1962.no.5-2.

• . . withregardto . . . serialPCMdata
trains . . . certainrestrictionsareplacedon
thesystemfor thesakeofapproximatingthe
actualhardwarewithasimplifiedmodel....

SYSTEMATICJITTERIN A CHAINOF
DIGITALREGENERATORS

C.J. Byrne,etal., BellSyst.Tech.Journal,
vol.42,no.6, Nov.1963,p. 2679/2714.

Digitalpatternvariationsareamajorsource
oftimingjitter inself-timeddigitalregenerators•
Inachainofsimilarregenerators,thesamejitter
is introducedateachone.Therefore,thejitter
accumulatessystematically.

A modelis introducedtopredicttheaccumula-
tionofjitter inachainofidenticalregenerators
withsingletunedtimingfilters . . .

Measurementsonachainof84regenerators
inafieldinstallationareinexcellentagreement
withthetheory.

ENGINEERINGOFT1CARRIERSYSTEM
REPEATEREDLINES

H. Cravis,etal., BellSyst.Tech.Journal,
vol.42,no.2, March1963,p. 431/486.

TherepeateredlinesfortheT1carrier
system(24voicechannels,PCM)arecablepairs
equippedwithtransistorizedregenerativeampli-
fiers. Thelinesignalisatrainof1,544,000
bipolarpulsepositionspersecond.Theline
engineeringmethods,whichtell howtoselect
cablefacilitiesandwheretoplacerepeaters,
arebasedonthetheoryandmeasurements
reportedhere. . .

Related Publications:

TRANSISTOR PULSE CIRCUITS FOR 160-MC

CLOCK RATES--PART I--PULSE

REGENERATION

W. J. Giguere, et al., IRE Trans. Electronic

Computers, vol. EC-8, no. 4, Dec. 1959,
p. 432/435.
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THEORETICALDISCUSSIONOFDIPHASE
TRANSMISSION

L• U. Dworkin,ArmyElectronicsResearch&
DevelopmentAgency,Ft. Monmouth,N.J.,
Sept.1963,26p., AELRDLTR2358,
AD421519.
• • . Thepresentcabletransmissionsystem

consistsofattendedrepeaterpointsevery40
mileswithunattendedrepeaterpointsevery
mile. Theserepeatersmustcarryouttotal
pulseregenerationfor signalsatapulserate
of2•304megabitspersecond....
EFFECTOFA NONIDEALREGENERATOR

SLICINGCHARACTERISTICONTHEERROR
RATEOFA BINARYPULSETRANSMISSION
SYSTEM

V.Keder,IEEETrans.Commun•Syst•,vol•
CS-11,no.3, Sept.1963,p. 308/314•
• • . Numeroustheoreticalstudieshavebeen

madeoftheerrorrateofabinarypulsetrans-
missionsystemusingidealregenerators• • .
A MAGNETICAMPLIFIERFORLOW-LEVEL

TELEGRAPHSIGNALS
L. A. Rioual,J. Brit. Instn.RadioEngrs.,vol.

25,no.6, June1963,p•541/546.
1•523:PCMSynchronization

Inthedesignof submergedrepeatersforsub-
marinetelegraphcables,theneedarisesfor a
circuitcapableofamplifyingverylowfrequency
signalswithgreatreliability•It ishighlydesirable
thatthebulkoftheapparatusbereducedtoamini-
mum.A repeatercircuitisdescribed,inwhich
amagneticamplifierisusedforfrequencycon-
versionofthetelegraphsignals....

ONTHETRIGGER-TIMEJITTEROFA RE-
GENERATIVEPULSECIRCUIT

C.Yen,IEEEIntern.Cony.Rec.Pt.2, vol.
11,March1963,p. 27/32.

• . . Whenaregenerativepulsecircuitis
excitedbyarampinput,apulseis triggered
whenthecircuitbecomesregenerative•If the
triggeringprocessis repeatedmanytimes,
however,it willbeobservedthatthepulseis
notinitiatedatpreciselythesamemoment•The
trigger-timejitter referstothisrandomnessof
theinitiationofapulse,andthejitter timeor
thejittervoltageis ameasureofthisrandomness.

Included:Groupsynchronization;Pseudo-randomcodingforsynchronization;Frameseparation
methods;FramesynchronizationinPCM;Syncsearchprocedures;Bit synchronizationinPCM;
LegendrePCMsynchronizationcodes•

Not Included: Theory of synchronization codes (2); Error correction coding (2); Atomic clocks

and time standards; Frequency dividers; Synchronization circuits; World-wide synchronization
systems; Master oscillators; Phase lock loops.

Principal Publications:

GROUP SYNCHRONIZING OF BINARY

DIGITAL SYSTEMS

R.H. Barker, In" Communication Theory,

ed. by Willis Jackson, New York, Academic

Press, Inc., 1953, p. 273/287•

THE NOTS PCM TIMING SYSTEM; AN
OVER-ALL DESCRIPTION

J.B. Moffett, Naval Ordnance Test Station,

China Lake, Calif., Aug. 1959, 59 p.,
Report no. NOTS TP 2316, AD 231 118.

SYNCHRONIZATION OF BINARY MESSAGES

E.N. Gilbert, IRE Trans. Inform• Th.,

vol. IT-6, no. 4, Sept. 1960, p. 470/477.

PHASE INTERCEPT DISTORTION IN

PULSE CODE MODULATION

L. Kosowsky, et al., Dunham Lab•, Yale

U., New Haven, Conn., Quarterly

progress rept. 8, 1 June 1960, AD 240
402.

• . . A time multiplex system using

received code digits was investigated. The

various possibilities of trouble which might

arise are: (1) The clock pulses might be at

the wrong part of the digit cycle (increased

noise and cross-talk susceptibility)• (2) False

reading might occur due to the presence of a

non-zero steady state level in the absence of

a pulse, or due to the spikes generated.

(3) Group synchronization might be affected

so that readings occur at a poor time in the

pulse interval (as results from 1 above)•

(4) Group synchronization could be shifted

and cause wrong interpretation of the received

pulses• (See also AD 226 643).

CONSIDERATIONS ON SYNCHRONIZATION
FOR PCM TELEMETRY

L.L. Rauch, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no• 3/4,

Sept. -Dec. 1960, p. 95/98.

OPTIMUM PCM FRAME SYNCHRONIZATION

CODES AND CORRELATION DETECTION

G.E. Goode, et al., Proc. Nat. Telemetering

Conf., May 1961, p. 11-15/11-50.

Basic to all time-division multiplex PCM

systems is the requirement for both bit and

group synchronization before received data

can be demultiplexed . . . This paper reports

both on analysis and the results of experimental

work done in conjunction with the design of the
frame synchronization correlator and acquistion

logic for Texas Instruments ULTRALOC PCM

Data Recovery System . . .
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S,YNCHRONIZATION METHODS FOR PCM
TELEMETRY

E.R. Hill, et al., Proc. Nat. Telemetering
Conf., May 1961, p. 11-87/11-106.

AN OPTIMUM SELF-SYNCHRONIZED
COMMUNICATION SYSTEM

S. S. L. Chang, et al., Commun. Electronics,
vol. 81, no. 60, May 1962, p. 110/116•

One set of optimum signal waveforms for
unidirectional transmission with minimum

error probability, when the interference is
additive gaussian noise, consists of sequencies
of binary waveforms resembling a modified
Reed Code. The binary waveforms considered

here are phase-shifted sinusoids. The
theoretical design of the receiver is given such
that the reference signal required for correlation
detection is directly generated from the
message signal itself. Thus multipath and
doppler are automatically compensated for.
• • . The transmitted signal consists of two-

phase modulation (0 and 180 degrees) of a
sinusoidal carrier .... The output • • • is
squared so that the resulting signal is
statistically the same when the transmission is
the in-phase carrier tone burst or the out-of-
phase carrier tone burst• The resulting signal

is used to control a crystal oscillator which
acts essentially as a very high Q resonant

circuit at the frequency 2& 0 .... By fre-
quency dividing . . . a phase reference signal
is obtained.. •

LEGENDRE PCM SYNCHRONIZATION CODES

R.S. Codrington, et al., Rec• Nat• Symp.
Space Electronics Telemetry, Oct. 1962, no. 2-5,
17 refs.

One of the severest specifications on an
operational PCM system is the short time
required for the ground station to acquire

synchronization with the airborne equipment.
Synchronization is achieved by the ground
station recognizing a coded binary sequence
occupying one or more word positions in each
frame .... The criterion most commonly

used in choosing a synchronization code of a
given length is that the aperiodic correlation
coefficients Ck have the minimum absolute
values• The Barker 3, 7, and 11 bit codes
have this property but no systematic method

of generating longer codes with minimal ICkl
has been available• In this paper it is shown
that some Legendre sequences have the
desired properties, and methods of generating
Legendre codes of any prime length of 47 bits
are given together with their periodic and
aperiodic correlation coefficients .... In
particular it is shown that all the Barker
maximal length codes are Legendre codes and

Legendre codes of prime length p = 4q +3,
where q is any integer, are pseudo-random
codes ....

A STATISTICAL ANALYSIS OF THE

SYNCHRONIZATION OF DIGITAL
RECEIVERS

H. Kaneko, Electronics Research Lab.,
U. of Calif., Berkeley, 11 April 1962,
79 p., AFCRL 62 938, AD 411 994•

The probability of error of certain digital
transmission systems is investigated, under
the condition that the transmitter-receiver

synchronization is imperfect• It is assumed

that the receiver is the Bayes receiver that
would be optimum were the synchronization
perfect• It is further assumed that a

synchronizating signal is transmitted sep-
arately from the inforrmtion-bearing signals,
and that the sum of the two signal powers is
constrained to a given value• The conditional

error probability for a given synchronization
error is evaluated for two particular binary
systems, one using bipolar rectangular
pulses and the other using unipolar cosine-

squared pulses. The optimum synchronizer
for the case of a sine-wave synchronizing
signal is analyzed ....

STUDY ON TELEMETRY AND RANGE

SAFETY TECHNIQUES FOR ADVANCED
AEROSPACE VEHICLES

M.H. Nichols, et al•, Michigan U•, Ann
Arbor, Final rept., 1 Feb. 1961-31
ASD TDR 62 1073, March 1962, 74 p., AD
412 464.

• • . four more or less independent mono-
graphs covering certain aspects of the areas

of bit, word and frame synchronization for
random non return-to-zero PCM and improved
demodulation of FM signals.

BIT SYNCHRONIZATION AND DATA REGENER-

ATION TECHNIQUES

R•C• Payne, et al•, Proc. Nat• Telem• Conf.,
vol. 2, May 1962, no. 5-2.

• . . with regard to . . . serial PCM data
trains . . . certain restrictions are placed

on the system for the sake of approximating
the actual hardware with a simplified model.

• • •

CORRELATION DETECTION AND SEQUEN-
TIAL TESTING FOR PCM GROUP
SYNCHRONIZATION

J.L. Phillips, et al., Nat. Telem. Conf.,

May 1962, no. 5-4, p. 1/15•

ADVANCEMENTS IN THE DESIGN AND
EVALUATION OF GROUP SYNCHRONIZERS

FOR PCM TELEMETRY

M.B. Rudin, et al., Rec. Nat. Symp. Space
Electronics Telemetry, Oct• 1962, no. 3-5.

• . . Early systems employed relatively
crude techniques such as zero crossing bit

detection, and arbitrary word and frame sync
patterns of low error tolerance .... more
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sophisticated techniques are aptly reported in

a series of papers at the 1961 NTC session

XI .... In 1962 NTC, additional papers on

PCM synchronization were presented in

session V .... present authors • . . several

significant extensions . . . One • . • is a

parameterized method . . • for evaluation of

PCM group synchronizers -- the "Confidence

Criterion•" . • . 2) Selection of Optimum

Parameters for a Digital Group Synchronizer.

3) Digital vs. Analog Group Sync Detector.

4) The Dependence of Group Synchronization on

the Bit/Bit Clock Regenerator. 5) A Simplified

Procedure for Synthesizing Barker and Barker-

like Codes. 6) Detection of Synchronous Phase

Modulation with Digital Group Sync Techniques•

GROUP SYNCHRONIZATION FOR DIGITAL

TRANSMISSION SYSTEMS

T. Sekimoto, et al•, IRE Trans. Commun.

Syst•, vol. CS-10, no• 4, Dec. 1962,
p. 381/390.

SYNCHRONIZATION METHODS FOR PCM

TELEMETRY

Naval Ordnance Lab•, Corona, Calif., Final

rept•, April 1959-Sept. 1960, Aug. 1962,

59 p., incl. illus., tables, 8 refs., (Rept•

no. NOLC-542) (ASD TR 61-9), AD 286 835.

A specially coded synchronization pattern
is required for proper identification of

repetitive frames of pulse-code-modulated

(PCM) sequences of binary bits. Study has

shown that, with an assumed set of criteria,

there are many favorable sync patterns ....
A recommendation is made that a maximum

frame sync pattern of 33 bits be specified

at present and the choice of optimal patterns

be determined by future study ....

A VERSATILE CLOCKING SYSTEM FOR

DIGITAL DATA APPLICATIONS

J. Cottrell, Conf. Proc. Natl. Cony. Mil.

Electronics, vol. 7, Sept. 1963, p. 151/

154.

• . • particularly applicable for PCM sys-

tems .... used to determine the time origin
of a sequence of binary signals by finding a

specified deterministic pattern from a randomly

modulated binary sequence .... A new system

with faster recovery characteristics is

presented, and an optimal framing pattern is
shown ....

SYNCHRONIZATION OF TELEMETRY CODES

J.J. Stiffler, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 2, June 1962,
p• 112/117.

A well-known means of efficiently trans-

mitting information over the continuous white

Gaussian channel involves the encoding of

successive blocks of data into sequences of

binary digits (called code words). Efficient

decoding of these sequences in turn nec-

essitates a knowledge of the instants in time

at which one code word ends and the succeeding

word begins.

This paper presents a method for obtaining
this synchronization which neither decreases

the channel capacity nor increases the

complexity of the encoding equipment ....

This technique is applied to an important

class of block codes, the binary orthogonal

codes• An algorithm for constructing these

codes with the desired self-synchronizing
properties is presented, and upper bounds

on the value of P0 are thereby established ....

OPTIMUM CODE PATTERNS FOR PCM

SYNCHRONIZATION

M.W. Williard, Nat. Telem. Conf., May

1962, no. 5-5, p. 1/11.

MEAN TIME TO ESTABLISII PCM

SYNCHRONIZATION

M.W. Williard, Rec. Nat• Symp. Space

Electronics Telemetry, Oct• 1962, no. 3-4.

• . . Timing at the receive terminal of the

data link may be provided either by the trans-

mission of clocking signals ona separate channel,

or from an examination of the received data

itself .... But any data transmission sys-

tem . • • is subject to transmission inter-

ruptions .... Bit synchronism after inter-

ruption is easily regained in almost any device;
frame synchronism is more difficult to achieve•

For telemetry systems, or whenever security

devices are employed, there exists a need for

a clocking system which will allow resumption

of transmission after interruption without the

need for reestablishing frame synchronism•

• . . The purpose of this paper is to describe

a digital data clocking system which meets the

above requirements ....

SYNCHRONIZATION

S. W. Golomb, etal., IEEE Trans. Commun. Syst.

vol. CS-11, no. 4, Dec. 1963, p. 481/491.

I. The Panel Chairman's Introduction

H. Synchronization in Data Communication

III. On Synchronization in Communication

Theory

IV. Synchronization and Bit Timing

V. Word Synchronization Over Noisy
Channels•

A NEW METHOD OF FRAME SYNCHRONIZA-

TION USING LINEAR SEQUENTIAL FEED-
BACK GENERATORS

G.E. Goode, Proc. Nat. Telem. Conf.,
May 1963, no• 3-4.

. . . providing frame (or group) synchroniza-

tion for time division multiplex communication

systems such as those commonly found in
telemetry, command, and data communication

systems ....
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A, NALYSIS OF AN OPTIMUM SYNC SEARCH
PROCEDURE

C. Gumacos, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 1, March 1963, p. 89/99.

Synchronization of communications receivers

can require lengthy sync search procedures.

In order to establish theoretical guideposts

for evaluating synchronization systems, an

idealized model is assumed in which: 1) Sync

exists in one, and only one, of a large number

of discrete time cells, 2) the a priori

probability distribution of sync positions is

known and 3) samples taken from any
time cell are normally distrubuted ....

TECHNIQUES FOR SYNCHRONIZING PULSE-
CODE-MODULATED TELEMETRY

E. R. Hill, Naval Ordnance Lab., Corona,

Calif., 1 Feb. 1963, 102 p. incl. illus.,

tables, 11 refs., NAVWEPS Rept. no. 8139,
AD 402 154.

. . . theoretical and experimental study . • .

of frame synchronization (sync) for non-return-
to zero pulse-code-modulated signals . . .

Two types of sync pattern detectors are
evaluated; the linear matched filter and the

shift register reeogmzer. Effects of data-

filter bandwidths on bit sync and bit detection

are discussed. The results of a separate

study are given, wherin bit sync is aided by

an RF carrier coherent with the bit frequency•

TECHNIQUES FOR SYNCHRONIZING PULSE-

CODE MODULATED TELEMETRY

E. R. Hill, Proc. Nat. Telem. Conf., May
1963, no. 3-3.

Techniques for bit and frame synchro-

nization of a non-return-to-zero PCM signal

are discussed .... (1) where all frequency
and phase information is obtained from the

video signal, and (2) where frequency infor-
mation is obtained from the RF carrier and

phase information from the video signal (here

bit frequency is coherent with the RF carrier).

Frame synchronization is achieved with a

repetitive group of contiguous bits ....

A METHOD OF FRAME SEPARATION IN THE

TIME-DIVISION-MULTIPLEXED DELTA

MODULATION TELEMETRY

H. Inose, et al., Proc. Intern. Telem. Conf.,

vol. 1, Sept. 1963, p. 375/380.

. . . A method to reduce the time required

for the frame separation . . . By assigining

'1' to the sync channel in every frame, the

system detects the sync channel out of the delta

modulated information pulses which occur at an

average rate of one half. Using a memory

device with the capacity of one frame, the

detection is performed by taking successive

frame correlation of each channel. In a

system of 20 channels, for example, the frame

separation is established in 6 frame periods

approximately ....
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A LINEAR AUTOCORRELATOR FOR

SYNCHRONIZATION OF BINARY CODED

MESSAGES

V. A. Jennings, et al., IEEE Trans. Co'mmun.

Electronics., no. 66, May 1963, p. 151/158.

• . . One method by which the synchronization

reliability may be improved is to increase

the length of the synchronization word,

particularly if Barker or other optimum words

are employed. The full theoretical improve-
ment .... can be approached...if the

word is recognized . . . by a device which

processes the combination of signal and

noise as a linear mixture .... The delay
line auto-correlator provides a convenient

method for accomplishing this result...

ON SOME PRACTICAL APPROXIMATIONS TO

THE IDEAL GROUP SYNCHRONIZATION

PROCESS

D. R. Rhodes, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 222/229.

. . . a new and practical philosophy of group

synchronization based on statistical hypothesis

testing .... performances are analyzed for a

PCM waveform, for hypothesis tests for least

squared error, maximum cross correlation and

maximum digital cross correlation ....

GROUP SYNCHRONIZATION AS AN INFOR-

MATION DETERMINING PROCESS

(Correspondence)

D. R. Rhodes, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 249/250.

Group synchronization in time-division

communication is a special case of the general

problem of transmission of information, and,

as such, can be treated by the methods of

information theory. The information to be

communicated is the location of the syne

position; i. e., the starting position of the

group ....

PSEUDO-RANDOM CODING FOR BIT AND

WORD SYNCHRONIZATION OF PSK DATA

TRANSMISSION SYSTEMS

J. C. Springett, Proc. Intern. Telem. Conf.,

vol. 1, Sept. 1963, p. 410/422, 14 refs.

. . . A method is presented by which bit and

word synchronization can be achieved in a p. c. m.

data link without the use of zero-crossing

detectors and without the inclusion of sync words
within the data format• The modulation and

detection system employs maximum length

linear shift-register codes (p.n. codes) in

conjunction with phase-lock techniques to

achieve unambiguous code synchronization, from

which all bit sync, word sync, and coherent

demodulation signals can be obtained ....

Related Publications:

MINIMUM ENERGY TRIGGERING SIGNALS

L. A. Beattie, Proe. IRE, vol. 46, April

1958, p. 751/757.
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Optimization of the function of time which is

used for triggering so as to minimize the energy

required of the triggering signal.

PULSE CODE MODULATION STUDY CONTRACT

C. M. Shapiro, et al., Philco Corp., Philadel-

phia, Pa., Rept. no. 3 (Final), 1 Nov. 1961-

1 June 1962, July 1962, 44 p. incl. illus.,

table, AD 283 579.

• • • Synchronization of the coded and "

multiplexed speech signals at the input of

each exchange to which they are transmitted.

• . .

ON BARKER CODES OF EVEN LENGTH

(Correspondence)

D. G. Luenberger, Proc. IEEE, vol. 51, no. 1,

Jan. 1963, p. 230/231.

• • . 6-channel Pulse Code Modulation (PCM)

system using new techniques is . . . Multiplex

logic . . . special sync circuits . . . tested

with the operation of one channel to give voice
demonstration ....

COMMAND TECHNIQUES FOR THE REMOTE
CONTROL OF INTERPLANETARY

SPACECRAFT

J. C. Springett, Proe. Nat. Telem. Conf.,

vol. 2, May 1962, no. 8-4.

SYSTEMATIC JITTER IN A CHAIN OF

DIGITAL REGENERATORS

C. J. Byrne, et al., Bell Syst. Tech. Journal,

vol. 42, no. 6, Nov. 1963, p. 2679/2714.

Digital pattern variations are a major source

of timing jitter in self-timed digital regenerators.

In a chain of similar regenerators, the same

jitter is introduced at each one. Therefore, the

jitter accumulates systematically.

A model is introduced to predict the accumu-

lation of jitter in a chain of identical regener-

ators with single tuned timing filters . . .

Measurements on a chain of 84 regenerators

in a field installation are in excellent agree-

ment with the theory.

APPLICATION OF PULSE-CODE MODULATION

TO AN INTEGRATED TELEPHONE NET-

WORK. Part 3--Switching

J. Le Corre, Elect. Commun., vol. 38, no. 1,

1963, p. 44/55.

Section 1.53

Delta Modulation

ERROR-CONTROL CODING IN DIGITAL

TELEMETRY SYSTEMS

L° D. Rudolph, et al., Proc. Nat. Telem.

Conf., May 1963_ no. 10-4.

• . .discusses . . . in broad terms, how

error-control coding can be utilized in digital

telemetry systems to . . . serve as the basis

for a word synchronization technique • • •

DETERMINATION OF AN OPTIMUM SYNCHRO-

NIZATION CODE WORD FOR A CLASS OF

BINARY TELEMETRY SYSTEM

A. Romano, et al., IEEE Intern. Conv. Rec.

Pt. 5, vol. 11, no. 1, March 1963, p. 225/
227.

ON THE TRIGGER-TIME JITTER OF A

REGENERATIVE PULSE CIRCUIT

C. Yen, IEEE Intern. Conv. Rec. Pt. 2, vol.

11, March 1963, p. 27/32.

• . . When a regenerative pulse circuit is

excited by a ramp input, a pulse is triggered

when the circuit becomes regenerative. Ifthe

triggering process is repeated many times,

however, it will be observed that the pulse is

not initiated at precisely the same moment.

The trigger-time jitter refers to this random-

ness of the initiation of a pulse, and the jitter

time or the jitter voltage is a measure of this

randomness ....

Delta modulation originated in Europe 15 years ago and continues to gain in importance. Recently,

publications which describe a variety of improved delta modulation systems, some of which have char-

acteristics which classify them as hybrid systems between PCM and other modulation methods, have become

available. Consequently this section consists of two subdivisions: Standard delta modulation (1. 532) and

advanced delta modulation methods (1. 533).

1. 532: Standard Delta Modulation

Included: Surveys of all delta modulation methods.

Principal Publications:

DELTA MODULATION

F. de Jager, Phillips Res. Reps., vol. 7, Dec.

1952, p. 442/466.

DELTA MODULATION FOR CttEAP AND

SIMPLE TELEMETERING

F. K. Bowers, IRE Trans. Space Elec. &

Telem., vol. SET-5, no. 4, Dec. 1959,

p. 205/208.

• . . has the interesting property of giving

accuracy varying exponentially with the pulse rate

(as in PCM), but still without the necessity of

framing the pulses . . .

DELTA MODULATION (In Norwegian)

H. Daae, Elektrotek. Tidsskrift (Norway), vol. 74,
no. 4, Feb. 1961, p. 51/55.
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. I"

, A review of the principles of delta modulation,

• . . A brief calculation is made of s. n.r. taking

into consideration the quantification noise and the

noise generated by the transmission channel. . .

SIMPLE DELTA MODULATION SYSTEM

F. W. Arter, Proc. Instn. Radio Engrs. Australia,

vol. 23, no. 9, Sept. 1962, p. 517/523•

The transmission performance of coded pulse

modulation systems in the presence of high levels
of channel noise is discussed and Delta Modulation

systems are compared briefly with Pulse Code

Modulation systems. The design of an experimental

Delta Modulation system for speech transmission

is presented for a required set of performance

specifications. A feature of the system is its

fully transistorized circuitry ....

VIDEO TRANSMISSION BY DELTA MODULATION

USING TUNNEL DIODES

J. C. Balder, et al., Proc. IRE, vol. 50, no. 4,

April 1962, p. 428/431.

• . . With a new and very simple circuit,

operating at a bit rate of 100 MC, a ratio of signal-
to- quantizing noise of 42 db is obtained. A more

conventional circuit, that combines tunnel-diodes

with transistors, makes an even lower quantizing

noise possible . . .

AN EXPERIMENTAL DELTA PULSE CODE

MODULATION SYSTEM

E. C. Bullwinkel, et al., Army Signal Research
and Development Lab., Fort Monmouth,

N. J., April 1962, 21 p. incl. illus.,tables,

2 refs. (ASRDL technical rept. no. 2274),
AD 283 821

• . . The results show that uncompanded

delta pulse code modulation is more complex

than standard pulse code modulation but

yields no additional increase in signal-to-

quantizing noise.

DEMONSTRATION OF THE FEASIBILITY OF

USING DELTA MODULATION FOR

PICTORIAL TRANSMISSION

R. V. Cotton, et al., Philco Corp., Blue Bell,

Pa.,Rept. for 15 April-15 Nov. 1962 on

Phase 1. Nov. 1962, Iv. inc. illus.,tables,

refs. (Rept. no. 9040-TN), (ASD TDR

62-1037), AD 294 689.

• . . for encoding pictorial data...to

determine the parameters of delta modulation

systems for various image communication

applications by (1) system analysis, (2) computer

simulation, and (3) experimentation• The

analysis of delta modulation techniques included

one-bit and two-bit systems with both linear

and exponential integration .... An exper-
imental two-bit delta modulation encoder with

a sampling rate of 50 mc was constructed and

tested. A table of the key parameters of pcm

and delta modulation systems is presented ....
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THE SUBSCRIBER-LINE CIRCUIT AND THE

SIGNALING AND TONE SYSTEM FOR AN

EXPERIMENTAL TIME-DIVISION

EXCHANGE FEATURING DELTA-

MODULATION TECHNIQUES

H. Inose, et al., IRE Trans. Commun. Syst.,

vol. CS-10, vol. 4, Dec. 1962, p. 397/407.

The time-slot mismatch loss will be

avoided and the time-slot assignment will be

simplified in a time-division exchange system
in which the calling the called subscriber can

use independent time slots arbitrarily assigned.
Code-modulation techniques make such systems

economically realizable, since a tapped

magnetostrictive delay line or a shift register

can be used to interchange time slots assigned

to the calling and called subscribers ....

DEMONSTRATION OF THE FEASIBILITY OF
USING DELTA MODULATION FOR PICTORIAL

TRANSMISSION

R. V. Cotton, et al., Philco Corp., Blue Bell, Pa.

Rept. for 15 April 1962-15 May 1963, Iv. RVO40,

ASD TDR53 528, AD 409 600.

• . . to determine the parameters of delta

modulation systems for various image commu-

nication applications by system analysis computer

simulation, and experimentation...included one-

bit and two-bit systems with linear integration,

double linear integration with prediction, and

exponential integration. A feasibility model of a

25-mc two-bit exponential integration delta

modulation encoding and decoding system with a

serial bit rate of 100 mpps was designed,

constructed, and tested• . . It is concluded that

for a typical image communication system, two-

bit delta modulation with exponential integration
and sampling at two to three times the information

bandwidth represents the best compromise of

parameter. The resultant compaction over six-
bit PCM is two to three.

CONDITIONS FOR OPTIMUM DIGITAL

COMMUNICATIONS WITH APPLICATION TO
DELTA MODULATION

T. Fine, Cruft Lab., Harvard U., Cambridge,

Mass., 5 March 1963, 39 p., TR 399,
AD 405 053.

• . .It is shown that, for the quadratic loss
function and any noisy channel, a delta modulation

system is an allowable representation of the

optimum binary system.

A DETERMINISTIC STUDY OF DELTA
MODULATION

C. A. Halijak, et al., Joint Automatic Control

Conference, Minneapolis, Minn., June 19-21,

1963, IEEE Trans. Automatic Control, vol.

AC-8, Oct. 1963, p. 339/347, A64-12534.

• . . considering it as a combination of pulse

duration and pulse amplitude modulation. Previous
work on DM is reviewed, and an ideal mathematical

model and a deterministic method of analysis for
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aDMsystemarepresented•Responsestovarious
stepandrampinputsforunityandnonunityfeedback
areinvestigatedusingadigitalcomputer....
A METHODOFFRAMESEPARATIONIN THE

TIME-DIVISION-MULTIPLEXEDDELTA
MODULATIONSYSTEM

H. Inose,etal., IEEETrans.Commun.Syst.,
vol.CS-11,no.4, Dec.1963,p. 469/480.

• . • Employingsuccessive'l_"sasthesyne
pattern,thesystemdetectsthesyncchannelout
ofthedeltamodulatedinformationpulseswhich
occurattherateofonehalfinaverage.Usinga
memorydevicewiththecapacityofoneframe,the
detectionis performedbytakingsuccessiveframe
correlationofeachchannelinparallel.... A
possibilityfor shorteningfurtherthetimerequired
fortheframeseparationisalsodescribed•The
methodistomodify,atthetramsmittingend,
theinformationpatternwhenit appearsthe
sameasthesyncpattern....
DELTAMODULATIONASA POSSIBLE

SERVODATALINK
R. H.Masehhoff,Proc.Nat•Telem.Conf.,

May1963,no.10-5.

Deltamodulation,acomparativelysimple
formofdigitalmodulationusingsingleweighted
digits,haspossibleadvantagesoverother
digitalmethodsfor usein remotelyconnecting
sometypesofservo-mechanisms.... An
experimentalcircuit of a modification of the

original delta approach, which eliminates the

objection of cumulative transmission errors,

was used successfully to transmit the position

signal in a typical positioning servo ....

DELTA MODULATION

R. H. Masehhoff, Electro-Technology, vol. 73,

Jan. 1964, p. 91/97, A64-13655.

Description of the basic delta-modulation

method• Performance of conventional and

modified delta-modulation systems ....

Typical applications to voice and video

communications and to control systems are

given• The delta modulation is compared to

PCM and PRM.

Related Publications:

DESCRIPTION AND RESULTS OF EXPER-

IMENTS WITH SPEECH USING DIGITAL

COMPUTER SIMULATION

E. E. David, Jr., et al., Proc. Nat. Electron-

ics Conf., vol. 14, Oct. 1958, p. 766/775.

• . • Results are reported from a comparison

of two digital encodings of speech, pulse code
modulation and delta modulation, simulated on

a digital computer•

STUDY OF A SPEECH COMPRESSION

SYSTEM (SPECTRUM SELECTION).

K. D. Kryter, et al., Bolt, Beranek, and

Newman, Inc., Cambridge, Mass., Sept.

1961, 32 p.,(Rept. 7), AD 269 194.

• . . Also included are results of exper-

iments on companding, delta modulation and

straight pulse code modulation of a speech

signal ....

HIGH-SPEED PULSE GENERATION AND

CODING DEVICE USING AN ESAKI DIODE

AND SHORT-ENDED CABLE

S. Yamada, et al., Rev. Elect• Commun.

Lab., vol. 10, no. 56, 1962, p. 237/247.

• . . development of a high-speed A-D

convertor, a Delta modulator, and a coding
circuit ....

1.533: Advanced Delta Modulation Methods

Included: Exponential delta modulation; High information delta modulation; Delta-sigma modulation;

Unity-bit coding method.

Principal Publications:

DIGITAL COMMUNICATION SYSTEM (DIGICOM)

W. G. Brown, etal., ITT Labs•, Nutley, N. J.,

March 1960, AD 236 133.

• . . An automatic telephone system was

developed which employs digital transmission

of speech signals coded in the form of exponential
delta modulation•

(See also AD 208 310)

A TELEMETERING SYSTEM BY CODE MODULA-

TION-A-E MODULATION

H. Inose, et al., IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 3, Sept. 1962,

p. 204/209.

• . , incorporates an integration process in

the original delta modulation system and is

named delta-sigma modulation.., has an advantage
over delta modulation in dc level transmission

and stability of performance, although both require

essentially an equal bandwidth and complexity of

circuitry ....

A DELTA-SIGMA MODULATION SYSTEM FOR

TIME DELAY AND ANALOG FUNCTION

STORAGE

H. Handler, et al., Arizona Univ., Tucson, Jan.

1964, 41p. , AD 434 539.

• . . permits magnetostrictive delay line

function storage of analog data with the significant

advantages of pulse regeneration with clock gated

logic and relatively inexpensive conversion

equipment• Five to 10 msec delay lines with a

2 mc bit-rate accommodate analog signals of up

to 8 kc with phase shift below 2 degrees; total
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dynamic error is within 0.2% of half scale up to

1 kc. An adaptive filter permits a further trade-

off of accuracy for bandwidth during computa-
tion ....

VIDEO TRANSMISSION BY DELTA-SIGMA

MODULATION

H. Inose, et al., Proc. Intern• Telem. Conf.,

vol. 1, Sept. 1963, p. 307/312.

• . . Describes that a unity bit modulation

technique proposed by the authors is one of the

appropriate approaches to digital transmission

of video signals .... The modulation system

incorporates an integration process in the

original delta modulation and has an advantage

in d. c. level transmission and stability of
performance ....

A UNITY BIT CODING METHOD BY

NEGATIVE FEEDBACK

H. Inose, et al., Proc. IEEE, vol. 51, no. 11,

Nov. 1963, p. 1524/1535.

• . • The system contains a signal integra-

tion process in addition to the original delta

modulator and features capability of transmitting

dc component of input signal ....

HIGH INFORMATION DELTA MODULATION

M. R. Winkler, IEEE Intern• Cony. Rec. Pt. 8,

vol. 11, March 1963, p. 260/265•

• . . a new pulse coding technique which
will overcome some of the deficiencies of

ordinary delta modulation and retain most of

its advantages•

It provides more information per pulse• It

will provide a dynamic range 20 db greater than

ordinary delta modulation. Excellent voice

communications at 20,000 pps has been
demonstrated•

Section 1.57

Special Applications of Pulse Code Modulation

1. 572: Pulse Code Modulation for Multiplex Voice Channels

Included: Experimental PCM systems for voice channels•

Not Included: Time division multiplex systems in general (2); Complete descriptions of operational
equipment.

Cross References:

Principal Publications:

PCM-FM systems (1. 934)•

PULSE CODE MODULATION: PART 2 - AN EX-

PERIMENTAL 12-CHANNEL EQUIPMENT

J. R. Jarvis, et al., Post Off. Elect. Engrs.
J., vol 54, no. 3, Oct. 1961, p. 189/195.

• . . using a code of eight binary digits; it was
developed to investigate the manner in which the

subjective assessment of the transmission per-

formance is related to the design parameters.

AN EXPERIMENTAL PULSE CODE MODULA-

TION SYSTEM FOR SHORT-HAUL TRUCKS

C. G. Davis, Bell Syst. Techn. J., vol. 41, no.
1, Jan. 1962, p. 1/24.

An experimentation on 24-channel pulse code

modulation system employing solid-state devices

is described• Economy of design and ability to

operate over existing exchange cable.

PERFORMANCE LIMITATIONS OF A PRAC-
TICAL PCM TERMINAL

R. H. Shennum, et al., Bell Syst. Techn. J.,

vol. 41, no. 1, Jan. 1962, p. 143/171.

• . . Limitations which make performance

different from more conventional frequency-divi-

sion systems are considered• Particular em-

phasis is placed on limitations resulting from

nonideal circuits and signal conditions•

EXPERIMENTAL PULSE-CODE-MODULATION

TRANSMISSION FOR LOCAL-AREA

TE LE PHONY

K. W. Cattermole, et al., Elect. Commun.,
vol. 38, no. 1, 1963, p. 56/75•

APPLICATION OF PULSE-CODE MODULATION

TO AN INTEGRATED TELEPHONE NET-

WORK: PART 3- SWITCHING

J. Le Corre, Elect. Commun., vol. 38, no. 1,

1963, p. 44/55.

• . . examination of the 3 main points ....

A. Design of a switching stage connecting voice-

frequency subscribers' lines to a pulse-code-

modulation multiplex highway. B. Design of a
switching stage for interconnecting pulse-code-

modulation multiplex highways• C. Syn-

chronization of the coded and multiplexed speech

signals at the input of each exchange to which
they are transmitted ....

DEVELOPMENT OF (PCM) DATA BUFFERS

W. Reymond, Stelma, Inc., Stamford, Conn.,

Quarterly progr, rept. no. 1, 21 June-23

Oct. 1963, Oct. 1963, 23p., AD428 080.

• . . two advanced development models of a

low-speed and a high-speed converter . . .

digital-to-digital--each for inserting a number
of digital data channels into Data I or Data II

of the PCM Multiplexers TD-352()/U or TD-

353()/U . . .
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Related Publications:

MICROWAVE RADIO RELAY SYSTEMS STUDY

A. A. Meyerhoff, et al., RCA Defense Elec-

tronic Products, N. Y., Final rept. on Task

2, Aug. 1959, 1 vol., AD 230 425.

Several methods of detection of PCM-FM are

analyzed to determine means of lowering the

received carrier threshold .... (See also

AD 230 426).

FORWARD AREA PCM TERMINAL (6/12

CHANNEL PCM)

W• Hatton, et al., Raytheon Co., Norwood,

Mass., Semi-annual progress rept. no. 1,
1 April 1963, Iv., AD 415 000.

• • • breadboarding of the multiplexer and

power supply circuits has been completed. . . .

DEVELOPMENT OF RADIO SET AN/GRCI03

D. F. Lee, et al., Canadian Marconi Co.,

Semi-annual progress report, no. 1, vol.

1, 31 March 1963, AD 406 891.

• . . a transportable, medium-power radio

set capable of carrying 12 pulse-code-modulated

voice channels, operating on 0.5-mc spaced
channels in the UHF band ....

1.573: Pulse Code Modulation for Telemetry and Command Links

Included: Principles of coding and decoding processes for PCM telemetry; Adaptive techniques in

PCM telemetry; Systems design of PCM telemetry installations; RF parameters for PCM telemetry
systems.

Not Included: Equipment design for PCM telemetry; PCM telemetry systems for special space
missions (4);.

Cross References: PCM-FM modulation methods (1.934); PCM-PS modulation methods (I.940);

synchronization problems for PCM telemetry (1. 523).

Principal Publications:

CODING FOR SUPPRESSION OF NOISE AND IN-

TERFERENCE IN AIRBORNE PCM TELE-

METERING SYSTEMS

H. F. Harmuth, IRE Trans. Tclem. Remote

Cont. , vol. TRC-3, no. 1, April 1957,

no. 7.3, p. 1/10.

For the transmission of data from aircraft

and missiles to a ground station, compact low-

power equipment in the air is mandatory, but

considerable complexity can be acceptable for

the receiver.., one may apply noise suppressing
coding techniques such as PCM.

COMPARISON OF PCM AND PPM FOR RADAR

COMMAND

S. Kazel, Proc. Nat. Symp. Telem., Sept.

9, 1958, no. 9.3, p. 1/2.

• . . For PCM, it is shown that when the

effects of both quantization noise and noise break-

ing through the receiver threshold are con-

sidered, there is optimum number of pulses which

results in maximum S/N improvement. For

PPM, it is shown that when both edge-shift noise

and noise breakthrough are considered, there is

an optimum deviation that maximizes the output

S/N ratio .... under the assumed system lim-

itations, PPM is superior to PCM in regard to

maximum reliable range, S/N improvements,

and minimum required bandwidth ....

CODING AND DECODING DEVICES IN PULSE-

CODE TELEMETERING SYSTEMS

I. A. Kupershmidt, Automation & Remote Con-

trol, vol. 19, Sept. 1958, p. 858/868.

A systematic survey of conversion methods

from voltage and current to binary pulse codes
and vice versa is given. A comparative evalua-

tion of these methods from the point of view of

their applicability to pulse-code telemetering

systems is given. Spheres of application of three

binary code varieties: the normal, sign-revers-

ing and reflected are shown.

PULSE CODE MODULATION OF COMMUTATED

SUBCARRIER CHANNELS

T. D. Warzecha, Proc. Nat. Symp. Telem. ,

Sept. 9, 1958, no. 12-3, p. 1/14.

COMMENTS RELATIVE TO THE APPLICATION

OF PCM TO AIRCRAFT FLIGHT TESTING

R. R. Djorup, IRE Trans. Space Electronics

Telemetry, vol. SET-5, no. 3, Sept. 1959,

p. 148/153.

The pending widespread use planned for PCM
telemetry has caused some confusion in the

area of PCM or digital standards .... to

discuss proposed PCM standards . . . to show

by example the organization of an integrated

digital flight test system using these standards.

CONSIDERATION OF RF PARAMETERS FOR

PCM TELEMETRY SYSTEMS

D. D. McRae, IRE Trans. Space Electronics

Telemetry, vol. SET-5, June 1959, p. 61/65.

NEW DEVELOPMENTS IN PCM TELEMETRY

R. E. Marquand, National Telemetering Con-

ference, May 1959, p. 25/30.
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_OMMUNICATION EFFICIENCY OF SPACE
TELEMETRY SYSTEMS

R. W. Sanders, National Telemetering Con-

ference, May 1959, p. 4/13.

THE USE OF PCM IN DATA LINKS WITH

SATELLITES, SPACE VEHICLES AND

LONG-RANGE MISSILES

R. L. Sink, Nat. Syrup. Space Electronics

Telem., Sept. 1959, no. 1.2, p. 1/21.

DETECTION LEVELS AND ERROR RATES IN

PCM TELEMETRY SYSTEMS

A. V. Balakrishnan, et al., IRE Cony. Ree.

pt. 5, Communs. Systems, Space Elec-

tronics Telemetry, vol. 8, March 1960,

p. 37/55.

EVALUATION OF TECHNIQUES FOR PCM

RANGE TELEMETRY

D. G. Childers, Proc. Nat. Telemetering Conf.,

May 1960, p. 271/289.

AN INTEGRATED AIRBORNE PCM TELEMETRY

SYSTEM

N. Aron, et al., l>roe. Nat. Aerosp. Electron.
Conf., vol. 9, May 1961, p. 512/519•

AN ANALYSIS OF MULTI-PHASE RF MODULA-

TION FOR PCM TELEMETRY

F. H. Goodenough, Proc. Nat. Telemetering

Conf., May 1961, p. 14-61/14-82.

SYSTEM DESIGN OF A MISSILE LOW LEVEL

PCM TELEMETRY SYSTEM

P. Spergel, et al., Proc. Nat. Aerosp. Elec-

tron. Conf., vol. 9, May 1961, p° 267/274•

A

J.

P. C. M. CODING AND DECODING SYSTEM

Bradley, (British Interplanetary Society,

Symposium on Communications, Satellites,

London, England, May 12, 1961.), In:
Communications Satellites, New York, Ac-

ademic Press, Inc., 1962, p. 75/83, A63-
12458.

Description of a method by which the required

PCM coding and decoding may be achieved using

any code. For the proposed type of code, the

method appears to offer a fairly simple, reliable,

and inexpensive solution, though it would not meet

the speed requirement necessary for the trans-

mission of video signals. It is suggested that this
method is tentative and has not been proven,

though much of the circuitry is standard computer

practice• It uses ferrite cores as memory units

for coding and decoding, though there may be

some advantage in using multiapertured ferrite

cores• In addition, other possible coding and

decoding methods are briefly outlined.

ADAPTIVE TECHNIQUES FOR LONG RANGE
TRANSMISSION OF PULSE CODE MODULA-

TION TELEMETRY DATA

D. H. Ellis, et al., Dynatronics, Inc., Orlando,

Fla., Final rept., June 1960-May 1961, Aug.

1962, 244 p. incl. illus. _ tables, refs., ASD

TR 61-198, AD 288 076.

• . . long range transmission of PCM tel-

emetry data .... optimization of system in-

formation capacity, selection of an optimum

R. F. link, and investigations of format com-

promises, to attain the maximum information rate

possible over a wide range of transmission path

lengths, and a variety of data requirements• The

type of modulation (phase) for the R. F. link is

shown by theoretical analysis to be superior to

any other. A system design and engineering

model verify the feasibility of the engineering

design.

ADAPTIVE TE LEME TRY FORMAT

GENERATOR

R. E. Gottfried, et al., l>roc• Nat° Telem.

Conf., vol. 2, May 1962, p. 10/1.

• . . The great utility of time multiplexed

formats for use in telemetry, communications,

and data processing has been well established

over the years .... The majority of telemetry

formats . . . are fixed according to some pre-

arranged sampling plan .... This practice

has often resulted in great transmission ineffi-

ciency.., excessive sampling results in re-

dundance .... This paper describes a format

generation technique which is believed to have

great simplicity in terms of implementation

and operational usage• The device which re-

sults can be controlled by command or self-

adaptive means ....

PCM TELEMETRY SUPPLEMENTAL DATA

SHEETS: GTM 004C-MAB 2

Boeing Co., Seattle, Wash., 30 March 1962,

244 p. , AD 404 660.

PCM TYPE TELEMETRY (In French)
L. W. Gardenhire, Onde Electr., vol. 43, no.

440, Nov. 1963, p. 1072/1109.

• . . history of telemetry.., examples in

connection with the American ICBM programme

(Titan, Munuteman) as well as those arising in

different types of satellites (Nimbus, OAO, Tel-

star)• . . improvement in efficiency and in re-

liability obtained over 7 years. Future methods

of direct coding are glanced at .... Telstar

satellite and of the different telemetry devices

carried . . . PCM telemetry equipment in the

Apollo capsule . . . errors and their various

causes in PCM telemetry . . .

APPLICATION OF SWEPT-FREQUENCY

MODULATION TECHNIQUES TO PCM

TELEMETRY

E. K. Holland-Moritz, et al., Institute of

Science and Tech., U. of Michigan, Ann

Arbor, Final rept., May 1962-Aug 1963,

Jan 1964, 122p., Rept. no. 5097 17F, TRD

63 4126, AD 432 244.

• . . design criteria for the application of

the SFM technique to practical PCM telemetry

systems. It compares optical, acoustic, and

electrical techniques for generating and pro-

cessing SFM signals, and it discusses the effects

of doppler shift and multipath propagation on
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PCM/SFM signals. Error rates have been cal-

culated for a PCM/SFM telemetry link operat-

ing in the presence of simultaneous gaussian

and impulse noise. Error due to single im-

pulses, clusters of impulses, periodic impulses,

and impulses having a Poisson distribution are

treated. Computations are given for the approx-

imate error rate when short channel interruptions

or short fading periods are present ....

Related Publications:

A PCM DATA ACQUISITION AND PROCESSING
SYSTEM FOR SOLID PROPELLANT ENGINE

TESTING

J. P. Knight, Nat. Symp. Space Elec. Telem.,
Sept. 1959, no. 5.1, p. 1/9.

A UNIVERSAL PCM DATA TRANSMISSION

SYSTEM

D. tI. Ellis, et al., Proc. Nat. Telemetering
Conf., May 1961, p. 14-41/14-60.

A NOTE ON DEMODULATION OF PCM/PM SIG-

NALS WITH SWITCHING TYPE PtIASE DE-
TE C TORS

J. A. Develet, Jr., IRE Trans. Space Elees.

Telem., vol. SET-8, no. 1, March 1962,

p. 39/43.

THE MARINER PLANETARY COMMUNICATION

SYSTEM DESIGN

B. D. Martin, Proc. Nat. Telem. Conf., vol. 2,
1962, p. 8/3.

• . . will be used on the first Mariner spacer-

craft, a Venus probe, to be launched during the

summer of this year. While the basic design
philosophy and implementation techniques re-

main essentially the same, the major system
difference between that reported here and that

used in the Mariner is the deletion of the S-band

transponder system ....

PRACTICAL DESIGN OF PACM TELEMETRY

EQUIPMENT

G. J. Pastor, Nat. Telem. Conf., May 1962,

no. 13-4, p. 1/13.

• . . hydrid l_Ise Amplitude and Pulse Code

Modulation . . . Feasibility Model . . . com-

pleted early this year and its evaluation is in

progTess ....

TttE ORTtlOMATCH DATA TRANSMISSION

SYSTEM

B. G. Kuhn, et al., IEEE Trans. Space

Electronics Telemetry, vol. SET-9, no. 3,

Sept. 1963, p. 63/66•

• . . Envelope-orthogonal signals in the
transmitter and matched filters in the receiver

are employed; Orthomatch at 16 levels requires

5.6 db less power than orthogonal incoherent

PCM and 1.9 db less power than biphasc PCM.

• • •

1. 574: Pulse Code Modulation for Picture Transmission Links

Included: Picture regeneration from quantized data; Delta modulation for picture transmission.

Not Included: Theory of smoothingquantized signals after detection (2); Picture tubes; Camera

techniques; Video compaction techniques (2); Picture transmission links for special space missions (4);
Optical communications systems (3B)

Cross References: Delta modulation, fundamentals (Sect. 1.53)

Principal Publications:

A RESEARCH STUDY & ENGINEERING INVES-

TIGATION OF A DIGITAL TELEVISION
SYSTEM

R° E. Sturm, et al., Colorado Research Corp.,
Denver, Colorado, March 1959, AD 216 325.

Discussion of the merits of exponential in-

tegration for Delta Modulation encoders . . .

Experimental results pertaining to the three

different forms of Delta Modulation ....

hmhded are kinescope photographs obtained

using the conventional delta, delta-PCM and

split-band delta methods of encoding ....

VIDEO TRANSMISSION OVER TELEPHONE

CABLE PAIRS BY PULSE CODE MOD-

ULATION

R. L. Carbrey, Proc. IRE, vol. 48, Sept.

1960, p. 1546/1561.

• . . experimental seven digit pulse code

modulation (PCM) system has been built for

the transmission of monochrome and color

television signals over seven pairs of 22-

gauge exchange area telephone cable . . . A

beam coding tube converts the signal to

seven parallel digits of a binary Gray code at
a 10 mc rate . . .

MINIMUM POWER WIDEBAND COMMUNI-

CATION SYSTEM FOR SPACE VEHICLES

R. M. Gagliardi, et al., Proc. Nat.

Telemetering Conference, May 1961,

p. 10-11/10-29.

. . . transmission bandwidth for space ap-

plications is at a somewhat lower premium

than transmitter power. Therefore it becomes

desirable to investigate applicable modulation

techniques for their efficacy in trading off

power for bandwidth .... A high quality TV
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, 1

picture can be reproduced from an analogue

channel having an output average signal-to-

noise ratio of 30 db .... Recent tests have

demonstrated that acceptable TV pictures can

be reproduced from a digital transmission

system employing a binary coded signal con-

sisting of 5 information bits ....

DEMONSTRATION OF THE FEASIBILITY OF

USING DELTA MODULATION FOR

PICTORIAL TRANSMISSION

R. V. Cotton, et al., Philco Corp., Blue Bell,

Pa., Rept. for 15 April-15 Nov. 1962 on

Phase 1, Nov. 1962, lv.,incl, illus., tables,

refs., (Rept. no. 9040-TN) (ASD TDR 62-

1037), AD 294 689.

• . . for encoding pictorial data . . . to

determine the parameters of delta modu-

lation systems for various image communication

applications by (1) system analysis, (2) computer

simulation, and (3) experimentation. The

analysis of delta modulation techniques included

one-bit and two-bit systems with both linear and

exponential integration .... An experimental
two-bit delta modulation encoder with a

sampling rate of 50 mc was constructed and

tested. A table of the key parameters of PCM

and delta modulation systems is presented ....

MAXIMUM ACCEPTABLE BIT ERROR RATES

FOR PCM ANALOG AND DIGITAL TV

SYSTEMS

J. M. Knight, Jr., Nat. Telem. Conf., May

1962, no. 10-3, p. 1/9.

HIGH-SPEED PCM ENCODER-DECODER

J.A.Arida, Conf. Proc. Nat. Cony. Mil.

Electronics, vol. 7, Sept. 1963, p. 155/157.

. . . A video signal, used as a typical

analog information signal, was digitally coded
in a PCM encoder and then time division

multiplexed, with a low-speed digital signal.

The multiplexer output was used to amplitude

modulate a 13.2--gigacycle carrier .... An

analog input signal is sampled 5.5 million times

per second, and for each sample, a 5-bit serial

code is generated. Therefore, the output code

rate is 27.5 megabits per second ....

DEMONSTRATION OF THE FEASIBILITY OF

USING DELTA MODULATION FOR

PICTORIAL TRANSMISSION

R. V. Cotton, et al., Philco Corp., Blue Bell,

Pa., Rept. for 15 April 1962 - 15 May 1963,

Iv•, ASD TDR63 528, AD 409 600.

• . . to determine the parameters of delta

modulation systems for various image com-

munication applications by system analysis

computer simulation, and experimentation...

included one-bit and two-bit systems with linear

integration, double linear integration with

prediction, and exponential integration. A
feasibility model of a 25-me two-bit expo-

nential integration delta modulation en-

coding and decoding system with a serial bit

rate of 100 mpps was designed, constructed,
and tested . . . It is concluded that for a

typical image communication system, two-bit

delta modulation with exponential integration

and sampling at two to three times the infor-

mation bandwidth represents the best com-

promise of parameter. The resultant

compaction over six-bit PCM is two to three.

VIDEO TRANSMISSION BY DELTA-SIGMA

MODULATION

H. Inose, et al., Proc. Intern. Telem.

Conf., voh 1, Sept. 1963, p. 307/312.

• . . describes that a unity bit modu-

lation technique proposed by the authors is

one of the appropriate approaches to

digital transmission of video signals ....

The modulation system incorporates an in-

tegration process in the original delta

modulation and has an advantage in d. c.

level transmission and stability of

performance ....

SYNTHESIS OF OPTIMAL FILTERS FOR

A FEEDBACK QUANTIZATION SYSTEM

E. G. Kimme, et al., IEEE Intern. Cony.

Rec. Pt. 2, vol. 11, March 1963, p. 16/26.

• . . One proposal for a baseband

quantization system for narrow-band

television signals incorporates linear

predistortion and reconstruction, and a

linear noise feedback loop around the

quantizer ....

PICTURE REGENERATION FROM

QUANTITIZED DATA

J. G. Raudseps, Ohio State U., Research

Foundation, Columbus Antenna Lab., July

31, 1963, 34p., 3 refs., (Rept. 122-19),
N63-22505.

• . . The reduction of the essential infor-

mation contained in a picture to constant-

intensity contours for computer storage and

subsequent regeneration by a modified

Flexowriter, is reported• Six quantitizing

levels were used, and data smoothing methods

were developed for both horizontal and

vertical scans . . .

BAND LIMITATION AND ERROR RATE IN

DIGITAL UHF-FM TRANSMISSION

H. J. von Baeyer, IEEE Trans• Commun. Syst.,

vol. CS-11, no. 1, March 1963, p. 110/117•

The literature on systems design for the trans-

mission ofhigh speed digital data in the "mega-

bits per second" range over UHF links is

scarce and somewhat contradictory ....

problem of finding the best compromise between

radiated bandwidth, power balance, and output

SNR, the latter being directly related to the

error rate. Confining the analysis to frequency

modulation .... optimization is analyzed.

The effects of intersymbol interference, FM

transient characteristics, and FM improvement

threshold are discussed.
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Related Publications:

STATISTICAL PROPERTIES OF THE CONTOURS
OF RANDOM SURFACES

P. Swerling, IRE Trans. Inform. Th.,

vol. IT-8, no. 4, July 1962, p. 315/321.

OPTIMIZING SPACE TELEVISION TRANS-
MISSION

F. A. Gicca, Proc. Intern. Telem. Conf.,

vol. 1, Sept. 1963, p. 313/321.

• . . This paper explores how optimum digital
television systems may be developed which re-

quire a minimum of spacecraft power and
weight. Four digital television processing
techniques are presented and their performance
is compared with conventional analog television•
The most promising of these approaches, called
'elastic encoding', provides telemetry power
savings of about 5 db when compared to analog
television ....

A UNITY BIT CODING METHOD BY NEGATIVE
FEEDBACK

H. Inose, et al., Proc. IEEE, vol. 51, no. 11,
Nov. 1963, p. 1524/1535•

Signal-to-noise performances of a unity bit
coding method and the characteristics of an

experimental video encoder based upon the
principle are described ....

A PRECISION FLYING SPOT FILM DIGITIZER"

J. A. G. Russell, California U., Livermore,
Calif., Lawrence Radiation Lab., 13 Dec.

1963, 14 p., refs., N64-17291.

• . . measure locations of images on trans-
parent film by automatically scanning an area on
the film with a mechanically generated flying
spot of light• These location measurements are
directly transmitted to a digital computer for

subsequent processing: The digital computer
controls and monitors the digitizing equipment
operations . . .

INSERTION OF WIDE BANDWIDTH VIDEO
DATA FOR COMMUNICATIONS FROM
RECONNAISSANCE SATELLITES

General Electric Co., Utica, N. Y., Final

Rept., Sept. 1962-June 1963, ASD TDR 63 815,
20 Sept. 1963, 81 p., AD 421 526.

• . .design and . . . breadboard implementa-

tion of a wide band, high resolution data conver-
sion system for reconnaissance satellites appli-
cations .... capability of 6 bit quantization of
video signals with frequency components up to 25
MC .... the system includes parallel to series

and series to parallel converters and a digital to
analog converter to afford simulation of a com-
plete communications link.

212



1.600

DIVISION1.6:
DISTORTION CHARACTERISTICS OF COMMUNICATIONS CHANNELS

Space communications systems have to meet the toughest conceivable requirements of all communications
systems. The range in deep space communications is far beyond any distance previously covered by radio
communications. The relative velocity between terminals exceeds the velocity of aircraft terminals by
orders of magnitudes causing unprecedented Doppler effects. Desirable information rates and ultimate re-

liability requirements demand still further advances in communications technology. Even the requirements
for the supporting ground communications facilities on Earth exceed present standards for transoceanic
communications. Beyond the immediate needs one can anticipate future demands for surface communications

on other celestial objects and for personal mass communications facilities when future space populations
need to establish conversations in an air-less environment.

This situation calls for the most efficient exploitation of every conceivable communications medium, in-
cluding those which do not appear promising at first glance.

The compilers of this bibliography attempted to present all the pertinent material in a suitable system of
classification. The characteristics of communications media fall broadly into two groups: Characteristics
which effect the propagation of the transmission signals and which may cause distortions of these signals

are in one group. Characteristics which may be associated with additional disturbances (noise) and the
effects of such disturbances on the channel quality are in a second group. Division 1.6 contains references

to the first group; division 1.7 contains references to the second group. Understandably, there is no clear-
cut interface between these two groups; many distortions have the same effect as certain disturbances and
very strong noise is likely to cause additional distortions in the transmitted signals. Thus the reader is
warned that publications registered in division 1.6 will frequently contain material of division 1.7 and
vice versa.

Division 1.6 itself is divided into 8 sections; the first two deal with the analytical background of channels and
distortions. The next two sections present the natural characteristics of communications media in two

different dimensions. Section 1.63 is arranged according to the geo-astro-physical aspect or the geograph-
ical location of the media. This section stresses the common characteristics of such complexes as the
ionosphere or the polar region on Earth. Section 1.64 is arranged according to the various wavebands
(frequency regions) from VLF {very low frequencies) to microwaves. Any references to communications

media in still higher frequency ranges, such as optical communications or X-ray channels, may be found
in volume 3B of this series.

The remaining sections are grouped according to practical communications facilities. The reader may find
here, among others, the characteristics of telephone lines (section 1.65), of scatter channels (section 1.66)

and of omnidirectional channels, such as may be required in personal communications for astronauts (section
1.67). The last section (1.68) contains references which do not fit the descriptions of the other sections.

Section 1.60:

General References to Communications Channels

This section is comprised of references to papers which stress the importance of investigations on channel
characteristics. Books and surveys, which summarize the results of such investigations, and publications
which deal with the common aspects of several classes of communication channels are referenced in this
introductory section.

Subdivision 1. 602 summarizes results on space communications channels. Common fundamentals on space
links will be included in this subdivision. Special missions and their communication links will be discussed
in volume 4. The review of the design of particular subsystems of space communications links and of the
design aspects of specialized space links, such as telemetry links, command links, picture links etc., is
outside the subject areas of this bibliography.

1. 600: Common Aspects of All Communication Channels and Transmission Media

Included: Books and surveys; Historical notes; Comparative discussion of several transmission
media.

Not Included: Antennas; Communications traffic statistics; Switching centers and terminals; Pro-

pagation theory; Geophysics; Astrophysics; Characteristics of optical communications channels (3B).

Cross References: Information theory (Sect. 1.12); Mathematical models of ideal channels (Sect.
1.13); Comparison of various modulation methods (Div. 1.8).
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Principal Publications:

INFORMATION TRANSMISSION, MODULATION

AND NOISE: A UNIFIED APPROACH TO

COMMUNICATION SYSTEMS

M. Schwartz, New York, McGraw-Hill Book

Co., Inc. , 1959, 461 p.

COMPARATIVE EVALUATION OF COMMU-

NICATIONS TRANSMISSION MEDIA

J. H. Vogelman, IRE Trans. Commun. Syst.,

vol. CS-7, no. 4, Dec• 1959, p. 230/231.

• . . a first-order approximation method is

provided to limit the number of specific trans-
mission media which must be considered in any

specific application•

DATA TRANSMISSION OVER MAXIMUM DIS-

TANCES (In German)

W. T. Runge, Elektrotech. Z (ETZ)A, vol. 81,

no. 24, Nov. 1960, p. 854/860.

• . . various kinds of transmission medium

available . • . recent developments in cable

transmission . . . increasing use of coaxial ca-

bles, both on land and sea, with built-in re-

peaters . . . Waveguide systems are mentioned

. . . The favorable position of radio systems as

regards actual propagation in comparison with

cable system is . . . illustrated by graphs,

together with their drawbacks as regards serv-

iceability .... recent advances in shortwave

and microwave systems . . . use of satellites

. . . discussed with reference to the I. T. T.

System of three 24-stage satellites to give com-

plete world coverage for telephone service ....

LECTURES ON COMMUNICATION SYSTEM

THEORY

E. J. Baghdady (editor), New York, McGraw-

Hill Book Co•, Inc., 1961•

• . . The book is essentially a collection of

papers resulting from the MIT summer program

(1959) on "Reliability Long-Range Radio Commu-
nication." The 18 authors are recognized au-

thories in their respective specialities, and the

reader can appreciate the effort required to edit

the contributed material into the 23 chapters

which make up the book ....

DEVELOPMENT OF A STANDARD COMMU-

NICATION RATING SYSTEM

D. L. Scidmore, et al., Minneapolis-Honeywell

Regulator Co., Seattle, Wash., 5 Jan. 1962,

144 p., incl. illus., refs., (Rept. no. 872),

RADC TRD 62-70, AD 274 545.

• . . useful for comparison and evaluation of

communication systems .... The rating sys-

tem evolved has few limitations, is quite flex-

ible and easily used, and is applicable to a wide

range of point-to-point communications problems•

214

THEORY AND PERFORMANCE LIMITATIONS"

OF ANALOG SYSTEMS

W. M. Brown, et al., IEEE Trans. Mil. Elec-

tronics, vol. MIL-8, no. 2, April 1964,

p. 102/113.

Performance limitations due to phase errors,

stochastic delays, and clipping are discussed

. • . some results of filtering for the modulus

of a complex signal • • . some problems in
scatter communications ....

DATA TRANSMISSION FOR MILITARY

COMMUNICATION: PARAMETERS AND

CAPABILITIES

J. Polyzou, IEEE Trans. Commun. Syst., vol.

CS-11, no. 4, Dec. 1963, p. 454/464, 40

refs.

• . . a difficult problem for system designers

because there are so many different types of

communications facilities with widely differing
characteristics which must be considered• Ad-

ditionally, the system designer must consider

the type of digital data modulation which best

serves his purposes, the economics of the var-

ious approaches and a host of related problems

such as clocking, synchronization, standardiza-

tion, etc .... discussion . . . includes delay

distortion, noise, multipath distortion, band-

width and amplitude response, transmit level,

level variations, frequency translation errors,

synchronization, standardization, cost consid-
erations and facilities characteristics ....

INTERSTATION DATA. TRANSMISSION STUDY

Philco Corp., Palo Alto, California, Final

rept., 28 Feb. 1963, lv. incl. illus., tables,

(Rept. no. WDL-TR 2017), AD 297 409.

• . . equipment to transmit data through a

single voice channel . . . requirements placed

on transmission medium, transmission rates,

equalization provided, size weight, prime power

requirement .... media include: wire lines,

HF radio, microwave line of sight, and the var-

ious scatter propagation techniques .... re-

liability, error rate, and availability. Error
detection and error correction for both white

noise and burst error interference are consid-

ered. It is concluded that long word codes

(100-500 bits) with error detection is the most

promising technique, but that a feedback path is

required.

THE CHARACTERIZATION OF TRANSMISSION

CftANNELS

IEEE Trans. Commun. Syst., vol. CS-11, no.

3, Sept. 1963, p. 259/260.

• . . editorial . . . the greatest limitation

of our transmission accomplishments to date is

imposed by our ig_aorance of the most vital link

in the system--the transmission medium ....
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"RelatedPublications:

SURVEY OF DIGITAL COMMUNICATIONS

C. A. Deutschle, Hughes Aircraft Co., Culver

City, Calif., Rept. on 480L System, 15 April

1961, 386 p. incl. illus., tables, 7 refs.,

(Rept. no. TR-I), AD 277 176.

Discrete message types . . . Transmission

requirements and techniques . . . cryptography
• . . Transmission media... Error control

• . . Comparative evaluations . . .

EUR-MED COMMUNICATION SYSTEM BASE

AREA AND SYSTEM TERMINALS GEN-

ERAL PERFORMANCE SPECIFICATION

ITT Communication Systems, Inc., Paramus,
N. J., 31 Aug. 1962, 79p., AD431 584.

• . . Typical circuits are given for the purpose
of illustrating the performance standards and ob-

jectives .... The system will interconnect the

trunk stations and military base sites using both

tropospheric scatter and line-of-sight microwave
propagation.

1.602: General References to Space Communications Channels

Included: General requirements for space communications links;

Surveys of the transmission media of importance in space links.

Not Included: Sky noise in space links; Re-entry links; Design procedures for space links;

Discussion of range equation•

Cross References: Point-to-point space channels (1.667);

Beyond line-of-sight satellite channels (1.675).

Principal Publications:

PERFORMANCE IMPROVEMENT IN SINGLE-

CHANNEL VOICE COMMUNICATION RADIO

SYSTEM IN SPACE

L. P. Yeh, Proc. Nat. Electronics Conf., vol. 15,

Oct. 1959, p. 151/162.

. . . explores the possibilities of improving the

performance of a single-channel voice communica-

tion radio system, when the transmitter power is

at a premium, as when communicating in space.

• . . The only techniques covered are AM (double

sideband with full carrier), DSBSC (double-

sideband suppressed carrier), SSB (single-

sideband) and NBFM (narrow-band frequency-
modulation--an FM channel restricted to AM

spectrums) ....

THEORETICAL STUDY OF THE BANDWIDTH

CAPABILITIES OF RADIO PROPAGATION
MEDIA

B. M. Fannin, Electrical Engineering Research

Lab., U. of Texas, Austin, 31 Aug. 1962,

41 p. incl. illus., 21 refs., CRept. no. 6-49),
AFCRL 62-584, AD 286 387.

The question of what limitations the atmosphere

may impose on the useful bandwidth for line-of-

sight propagation in the centimetric-millimetric

wavelength region was investigated .... definition

of a really suitable, unique parameter to be taken

as the bandwidth of a time-varying system ....

results for the existing theories based on a

multiple-scatter mechanism furnish an adequate

base for performing bandwidth calculations.
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DIGITAL COMMUNICATIONS BETWEEN AERO-

SPACE VEHICLES AND STATIONS ON THE

GROUND

K. W. Otten, IRE Trans. Aerospace Navig.
Electronics, vol. ANE-9, no. 2, June 1962,

p. 58/66, 23 refs.

• . . tutorial paper presents an introduction to

the problems of communications between aerospace

vehicles and stations on the ground• The possible

types of aerospace-to-ground communication links

are described and classified according to the mode

of signal propagation and according to obtainable
range• The suitability of carrier frequencies

throughout the electromagnetic radiation spectrum

from very-low radio frequencies to light frequencies

is discussed for the various types of links.
• . . selection of modulation and demodula-

tion techniques• . . practical value of digital
coding...transmitter power requirement

POLARIZATION CONSIDERATIONS IN SPACE

COMMUNICATIONS

B. C. Potts, Rec. Nat. Commun. Symp.,

vol. 8, no. 10, Oct. 1962, p. 103/107.

Ground-space and space-to-space commu-

nication involving propagation in or through

a magneto-ionic medium, such as the earth's

ionosphere, often requires minimization of

the effects of the rotation of the polarization

plane ....

HF AND VHF IONOSPHERIC WAVE-

GUIDANCE

J. I. Barker, et al., Proc. Nat. Aerospace

Electronics Conf., May 1963, p. 238/244.

The results of a recent study of HF and VHF

frequencies for satellite-to-satellite commu-

nications are presented ....

HIGH-SPEED DIGITAL DATA TRANSMISSION

OVER THE TELSTAR SATELLITE

(Correspondence)

F. E. Froehlieh, et al., Proc. IEEE, vol. 51,

no. 4, April 1963, p. 609.
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RESULTS OF THE TELSTAR SYSTEM

COMMUNICATIONS TESTS

R. W. Hatch, et al., Bell Syst. Tech. J., vol. 42

no. 42, July 1963, p. 1561/1629.

• . • results of the communications tests on

the Telstar satellite system which have been
conducted at the Andover earth station are

presented...included successful transmissions

of telephone, television, and data signals...

measurements of received carrier power, noise,

transmission characteristics, linearity, data

system errors, absolute delay, and Doppler

shift have been made. The results are in good

agreement with expected performance.

PROPAGATION OF INFORMATION BEARING

SIGNALS THROUGH SPACE

R. F. Leach, IRE-NASA-AEC, International

Symposium on Space Phenomena and Measure-

meat, Detroit, Mich., Oct. 15-18, 1962, IEEE

Trans. Nuclear Sci., vol. NS-10, Jan. 1963,

p. 146/152, 11 refs., A63-11758.

Analysis of the distortion of a band-pass

information-bearing signal by a medium. A general

band-pass signal is assumed and, from this, -"

narrowness can be defined explicitly for any signal,

in any medium. A general method is presented for

determining the effect of the interplanetary gas

and the effect of the ionosphere (where Faraday

rotation is neglected)• The inverse of this method

may be used to measure band-pass characteristics

of any medium.

AN EXPERIMENTAL STUDY OF RAPID
PHASE FLUCTUATIONS INDUCED ALONG

A SATELLITE - TO EARTH PROPAGATION

PATH

L. J. Porcello, Institute of Science and Tech.,

Univ. of Michigan, Ann Arbor, April 1964,

125 p., Rept. no. 4563 57T, AD 437 587.

• . . has as its objective the examination of

high-frequency phase fluctuations induced by the

atmosphere along a satellite-to-ground propaga-

tion path. The phase fluctuations of interest

lie in a spectral band ranging from approx-

imately 0.1 eps to a maximum of 3kc; the
radio frequencies employed range from 54 to

400 Mc. The ionosphere-induced compononent

of the observed phase fluctuation is of primary
interest ....

Section 1.61

Analytical Descriptions of Practical Communications Channels

For the design of space communications channels it is necessary to describe the communications medium
and its variations in mathematical terms. Statistical mathematics {1.11) is the principal tool-• This section

contains a wide selection of special publications which demonstrate the progress made during the last five

years• The section primarily contains references to analytical publications. The reader should note that

publications with practical backgrounds and those concerned with rather specialized tasks may also contain

valuable analytical contributions• Such combined analytical-practical {experimental) reports are usually

referenced under their special subdivision and not in analytical subdivisions.

This section deals primarily with the analysis of the time variable characteristics of communications

channels and media. The next section (1.62) deals with the analysis of distortions in communications chan-

nels. We assume for this purpose that the channels are time-invariant. This is why the analytical

description of time-invariant channels is incorporated in subdivision 1. 621.

1•611: General Theory of Time-Variant Communications Channels

Included: Randomly time-variant linear channels; Time stability of multipath jitter; General

theory of scatter channels; Log-normal probability distributions in scatter channels; General

theory of noiseless channels•

Cross References: Channel models for all sorts of communications channels (1. 130); Theory

of Needles channels {1.666); Channel characteristics of practical scatter channels (Sect• 1.66);

Fundamentals of special statistical distributions (1. 117); Analytical background for the description

of natural propagation media (1. 631).

Principal Publications:

FREQUENCY-DOMAIN STATISTICAL MODEL

OF LINEAR VARIABLE NETWORKS FOR

FINITE OPERATING TIME

G. W. Johnson, IRE Nat. Cony. Rec., March 1958,

p. 70/78•

The analysis and synthesis techniques for the

propagation of random signals through linear
variable networks have been well defined in the

time domain, are not amenable, except for trivial

cases• In contrast, the conventional frequency

domain techniques developed for the steady-state

propagation of stationary random signals in linear

invariant networks have proven extremely useful•
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AN ALTERNATIVE APPROACH TO THE

REALIZATION OF NETWORK TRANSFER

FUNCTIONS: THE N-PATH FILTER

L. E. Franks, et al., Bell Syst. Tech. J., vol.

39, no. 5, Sept. 1960, p. 1321/1350.
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" A particular time-varying network consisting

of several parallel transmission paths, each

containing input and output modulators, is described

and analyzed. It is shown that, under certain

conditions, the network may be characterized by a

transfer function•

Description of some results of research on the

capacity of radio communication channels having

multi-path wave propagation.., classified into

type I and type II with respect to their capacity

at a low additive noise level. The concepts of self

capacity and conditional capacity for a channel

are introduced. It is proved that the capacity

drops by not more than 17% for slow random

variations in the parameters of a multi-path

channel for any signal-to-noise ratio ....

TIME-VARYING CHANNELS WITH DELAY

SPREAD

P. E. Green, Jr., In: RADIO WAVES AND

CIRCUITS; Proc. of Commission VI on Radio

Waves and Circuits during the XIIIth General

Assembly of URSI, London, Sept. 1960,

Edited by Samuel Silver, New York, Elsevier

Publishing Co., 1963, p. 208/224; Discussion,

p. 225/226, 21refs., A64-10835.

• . . results on two topics, (1) the char-

acterization of time-varying linear communica-

tion channels (or radar targets) having a

APPROXIMATE METHOD FOR ANALYTICALLY

EVALUATING THE RESPONSE OF TIME-

VARIABLE LINEAR SYSTEMS

E. G. Gilbert, IRE Trans. Circuit Theory,

vol. CT-8, no. 3, Sept. 1961, p. 289/295.

ANALYSIS OF TIME-VARYING NETWORKS

B. K. Kinariwala, IRE Internat. Cony. Rec., vol.

4, March 1961, p. 268/276•

spread of propagation delays . . . (2) the

design of optimum receivers for detecting or

distinguishing between signals propagated by

such media ....

STATISTICAL METHODS IN RADIO WAVE

PROPAGATION, (Proceedings of a

symposium held at the University of

California)

W. C. Hoffman (editor), Oxford, England,

Pergamon Press Ltd., 1960, 334 p.

• . . symposium held at the University of

California, June 18-20, 1958 .... current

state of the art in the use of statistical tech-

niques in radio wave propagation ....

THEORY OF OPTIMAL SIGNAL FILTRATION

IN THE PRESENCE OF INTERNAL NOISE

IN SYSTEMS WITH VARIABLE PARAMETERS

Li Khen Von, ARS Journal, vol. 31, no. 9, Sept.

1961, p. 1306/1314.

TIME-VARYING NETWORKS, I

L. A. Zadeh, Proc, IRE, vol. 49, Oct. 1961,

p. 1488/1503•

Bibliography of 138 references.

APPROXIMATE CALCULATION OF THE

TRAFFIC CAPACITY OF RADIO CHANNELS

HAVING RANDOM PARAMETERS

R. L. Dobrushin, et al., Foreign Teoh. Div., Air

Force Systems Command, Wright Patterson

A

J.

NOTE ON RANDOMLY VARIABLE BINARY
CHANNELS

Loeb, In: RADIO WAVES AND CIRCUITS;

Proc. of Commission VI on Radio Waves

and Circuits during the XIIIth General

Assembly of URSI, London, Sept. 1960,

Edited by Samuel Silver, New York, Elsevier

Publishing Co., 1963, p. 195/199, A64-
10833.

• . . Statistical properties of random binary

channels are represented by 2 x 2 matrices

built with error probabilities. Cascading ele-

ments of a complex matrix amount to multi-

plication of elementary matrices• Resulting

"equivocation" can be approximately computed

by means of the determinant of the matrix

product• The results found can be considered

as a particular case of Siforov's theory.

ON THE THEORY OF RADIO COMMUNICATION

CHANNELS WITH RANDOMLY VARYING

PARAMETERS

V. I. Siforov, In: RADIO WAVES AND CIRCUITS;

Proc. of Commission VI on Radio Waves and

Circuits during the XllIth General Assembly of

URSI, London, Sept. 1960, Edited by Samuel

Silver, New York, Elsevier Publishing Co.,

1963, p. 164/194, 11refs., A64-10832.
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Air Force Base, Ohio, 26 Sept. 1962, 9 p.,

10 refs., (Trans• no. FTD-TT-62-1016 from

Trudy Vsesoyuznogo Soveshehaniy pc Teorii

Veroyatnostey i Matematieheskoy Satistike,

Izdatel'stvo AN Armyanskoy SSR, Yerevan,

p. 164/171, 1960), AD 288 528.

UPPER BOUND TO THE CAPACITY OF A

LINEAR TIME-VARYING CHANNEL WITH

ADDITIVE GAUSSIAN NOISE

G. D. Forney, Jr., Lincoln Lab., Mass. Inst.

of Tech., Lexington, 26 Sept. 1962, 15 p. incl.

illus., 10 refs., (Rept. no. 34G-10), AFESD

TDR 62-144, AD 287 453.

• . . obtained by finding the capacity of the same
channel when its behavior at all times is known

a priori. Numerical evaluation turns out to depend

on the distribution of the eigenvalues of a random

infinite-dimensional matrix, which is apparently

an unsolved mathematical problem. Evaluation

is possible in two special cases . . .

ESTIMATION OF THE SECOND-ORDER

STATISTICS OF RANDOMLY TIME-

VARYING LINEAR SYSTEMS

M. J. Levin, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 2 Nov. 1962, 42 p. incl.

illus., 13 refs. (Rept. no. 34G-7), AFESD

TDR 62-147, AD 289 607.
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• . . by application of a known input signal

and observation of the resulting output which

may be obscured by additive white noise• The

system is characterized by its impulse response

correlation function f(tau lambda) and is

approximated by a sampled-data model•

THE APPLICATION OF CERTAIN THEORIES

TO THE PROBLEMS OF DETECTION AND

COMMUNICATION (In French)

J. Lochard, et al., Onde Electr., vol. 42,

no. 426, Sept. 1962, p. 709/737•

A series of 5 papers...the first develops

the thought that research...of signals carry-

ing information has, up to now, been less

developed than those applied to... materials

and mechanism of transmission...the second

• . .explains...results of the theory of

probability• . •their applications to signals...
the third article...deals with...mathemati-

cal statistics . . .in the reception of signals
immersed in noise• . .fourth article.., shows

how the results of statistical theory• . . can be

applied or cannot be applied to the practical

problems of signal transmission...the last

article.., shows how the properties of written

language...can be studied quantitatively...

A REMARK ON THE TRAFFIC CAPACITY

OF A DISCRETE COMMUNICATIONS

CHANNEL WITHOUT NOISE

Y. I. Lyubich, Foreign Tech. Div., Air Force

Systems Command, Wright Patterson Air

Force Base, Ohio, 29 Aug. 1962, 11 p.,

6 refs.,(Trans, no. FTD-TT-62-1144 from

Uspekhi Matematicheskikh Nauk, 17: 103,

p. 191/198, 1962), AD 286 609.

SOME STATISTICAL THEORY FOR THE

ANALYSIS OF RADIO PROPAGATION

DATA

M. M. Siddiqui, J. Res. Nat. Bur. Stand.,

vol. 66D, no. 5, Sept.-Oct. 1962, p. 571/580.

The statistical theory of stationary processes

has wide applications in the analysis of radiowave

propagation data. Assuming knowledge of the

basic concepts of probability theory, char-

acteristics of stationary processes such as

covarianee and spectral density functions were

developed, problems of estimating these

characteristics were tackled, and numerous

examples were worked out to illustrate the theory.

CAPACITY OF TWO CLASSES OF INFORMATION

CttANNELS WITH RANDOMLY VARYING

PARAMETERS (Translation)

N. A. Zheleznov, Telecommun. Radio Engng.

Part I- Telecommunications, Oct. 1962, p. 1/7,

A63-16480.

• • . a random change in parameters is inter-

preted as the appearance of additive noise, either

correlated or not correlated with the signals ....

CttARACTERIZATION OF RANDOMLY TIME-

VARIANT LINEAR CIIANNELS
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P. A. Bello, IEEE Trans. Commun. Syst., vol..

CS-11, no. 4, Dec. 1963, p. 360/393.

• . . it is demonstrated that time varying linear

channels (or filters) may be characterized in an

interesting symmetrical manner in time and

frequency variables by arranging system functions

in (time-frequency) dual pairs. Following this a

statistical characterization of randomly time-
variant linear channels is carried out in terms of

correlation functions for the various system

functions. These results are specialized by

considering three classes of practically interesting

channels. These are the wide-sense stationary

(WSS) channel, the uncorrelated scattering (US)
channel, and the wide-sense stationary uncorrelated

scattering (WSSUS) channel .... All real-life

channels and signals have an essentially finite

number of degrees of freedom due to restrictions

on time duration and bandwidth. This fact may be

used to derive useful canonical channel models

with the aid of sampling theorems and power

series expansions. Several new canonical channel

models are derived in this paper, some of which
are dual to those of Kailath ....

SOME STATISTICAL PARAMETERS RELATED

TO THE NAKAGAMI-RICE PROBABILITY

DISTRIBUTION

W. R. Burns, J. Res. Nat. Bur. Stand., Section D-

Radio Science, vol. 68D, April 1964, p. 429/434,

9 refs., A64-17497.

TIME-VARIANT COMMUNICATION CHANNELS

T. Kailath, IEEE Trans. Inform. Th., vol. IT-9,

no. 4, Oct. 1963, p. 233/237, 39 refs.

STATISTICAL CHARACTERISTICS OF THE

LOGARITHM OF THE ENVELOPE OF A

RANDOM PROCESS

L. E. Kopilovich, Radiotekhnika i Elektronika,
vol. 8, March 1963, p. 494/497, In Russian:

Radio Engng. Electronic Phys., March 1963,

p. 436/439, Translation, A64-10444.

• . . dependence between the statistical

characteristics of the logarithm of the envelope

of a random process and the envelope itself, or

its square, the power. The analysis is applicable

to the investigation of radio-wave propagation in

which it is necessary to determine the level of the

field at the receiving point, or the random

process at the output, of a logarithmic appara-

tus.

RESPONSE FUNCTIONS OF LINEAR TIME-

VARYING SYSTEMS

J. C. Lindenlaub, Lincoln Lab., MIT,

Lexington, 9 Sept° 1963, 48 p. Rept. no.

41G6, ESDTDR 63 558, AD 422 263.

Linear time-varying networks are consid-

ered from the communication systems view-

point where the emphasis is primarily on the

relationships between the input and output

signals .... Results may serve as a basis

for a number of problems associated with

communicating through random time-varying
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channels;amongthem,theidentification
problem,signaldesign,andoptimumproc-
essing.
GENERALIZEDFREQUENCY-RESPONSE

CONCEPTSFORTIME-VARYING
DISCRETE-TIMELINEARSYSTEMS

A.W.Naylor,InstituteofScienceandTech.,
U. ofMichigan,AnnArbor,Feb.1963,
30p.,Rept.no.4563-32-T,AD297536.

A NOTEONTHECAPACITYOFDISCRETE
NOISELESSCHANNELS

F. M.Reza,Z. Angew.Math.Phys.,vol.14,
March25,1963,p. 175/178,A63-17890.

Presentationofamathematiealprooffora
statementbyShannonconcerningthechannel
capacityofaclassofsimplememoryless
channels•

REPRESENTATIONANDANALYSISOF
SIGNALS•PARTXIV. TIMEVARYING
SYSTEMSWITHSEPARABLESYSTEM
FUNCTIONS

L. Weiss,JohnsHopkinsU., Schoolof
Engineering,Baltimore,Md., 30Jan.1963,
94p., AD411274.

Therelationshipofthedifferentialequation
ofasystemtothesystem'sweightingpattern
(impulseresponse)is discussed.Therealiza-
tionoflineardifferentialsystemsisdiscussed,
andsome"tricks"regardingmanipulationof
thepositionoffunctiongeneratorsinananalog
computertyperealization(withoutchanging
theinput-outputrelation)arepresented....
Related Publications:

PREDICTION AND FILTERING FOR RANDOM

PARAMETER SYSTEMS

F. J. Beutler, IRE Trans. Inform. Th., vol.

IT-4, no• 4, Dec. 1958, p. 167/171.

APPROXIMATION OF AUTOCORRELATION

FUNCTIONS BY A SERIES OF DAMPED

COSINE FUNCTIONS

D. T. Friest, et al., Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p. 709/714.

• . . This technique of analyzing a random

function is analogous to the conventional Fourier

analysis of a nonsinusoidal wave, except that it

leads to bands of frequencies which are integrally

related rather than discrete frequencies ....

CORRELATION DETECTION OF SIGNALS

PERTURBED BY A RANDOM CHANNEL

T. Kailath, IRE Trans. on Inform• Th., vol. IT-6,

no. 3, June 1960, p. 361/366•

COMMUNICATION THROUGH RANDOMLY

VARYING MEDIA

G. L. Turin, In: RADIO WAVES AND CIRCUITS;

Proe. of Commission VI on Radio Waves and

Circuits during the XIIIth General Assembly of

URSI, London, Sept. 1960, Edited by Samuel

Silver, New York, Elsevier Publishing Co.,

1963, p. 201/207, 10 refs., A64-10834.

• . . the form of the optimum receiver• . .is
outlined. The behavior of the error probability for

this receiver is discussed for the binary case, for

various types of fading and orders of diversity. A

special case is a frequency-shift telegraph channel•

SOME TECHNIQUES FOR THE ANALYSIS AND

SYNTHESIS OF NONSTATIONARY NETWORKS

J. B. Cruz, Jr., IRE Internat. Conv. Rec., vol. 4,

March 1961, p. 277/285.

A class of nonstationary or time-variable linear
networks which are realizable as cascades of

fixed multi-output networks and multi-input

modulators is studied•

SHORT TIME STABILITY IN LINEAR TIME-

VARYING SYSTEMS

P. Dorato, IRE Internat. Conv. Rec., vol. 4,

March 1961, p. 83/87.

RESEARCH ON CORRUPTED DATA PROCESSING

SYSTEMS

A. R. Bergen, et al., Final Rept., June 1, 1959-

May 31, 1962, California U., Berkeley,

Electronics Research Lab., 1 June 1962, 15 p.,

26 refs., AFCRL-62-780, N63-17505.

. . . includes research on randomly time-

varying systems, optimal control systems, and

the stability of nonlinear control systems.

A COMPUTER-AUGMENTED TECHNIQUE FOR

THE DESIGN OF LIKELIHOOD-RADIO

RECEIVERS

T. G. Birdsall, et al., Cooley Electronics Lab.,

U. of Michigan, Ann Arbor, Oct. 1962, 36 p.

incl. illus.,tables, 9 refs., Technical Rept. no.

130; 3674-3-T, AD 292 161.

Standard approximation methods of design of
detection receivers are reviewed, and a method

based on fitting curves calculated on a high-

speed computer is presented. This computer-

augmented technique is applied to the design

problem of a signal distorted by a sign-

preserving, rapidly varying transmission gain.

ON THE DETECTION OF A RANDOMLY

DISTORTED SIGNAL IN GAUSSIAN NOISE•

L. Halsted, et al., Michigan U., Ann Arbor,

Oct. 1962, 38 p. incl. illus., 8 refs.,

Technical rept. no. 129; Rept. no. 3674-2-T,
AD 291 982.

• . . The optimum receiver was evaluated

for the two-input-samples case using a digital

computer... Various facets of the performance

of two nonoptimum receivers, the cross-

correlator and the clipper crosscorrelator,

were also evaluated using the computer.

MEASUREMENTS ON TIME-VARIANT

COMMUNICATION CHANNELS

T. Kailath, IRE Trans. Inform. Th.,Intern.

Symp. Brussels 1962, vol. IT-8, no. 5,

Sept. 1962, p. 229/236.
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• . . the use of such media as tropo-scatter

links, meteor trails, auroral belt, and orbital-

chaff channels makes the assumption of slow

changes unsatisfactory .... The... signals

. . . pass through a (linear or nonlinear) filter

• . . for example the ionosphere or an under-

water link .... we put in suitable probing

signals.., and make appropriate computations

on the output . . . in order to calculate the

filter parameters• There is also, of course,

the problem of determining the characteristics

of the additive noise . . .

TECHNIQUES FOR EXAMINING THE
STATISTICAL AND POWER SPECTRAL

PROPERTIES OF RANDOM TIME

HISTORIES

1. 617:: Analysis of Multipath and Fading Channels

H. A. Leybold, Virginia Polytechnic Inst.,

Blaeksburg, May 1963, 69 p., 29 refs.,
N63-16730.

A technique for digitally generating random

time histories having arbitrarily shaped power

spectra is presented ....

TRANSMITTED-REFERENCE TECHNIQUES

FOR RANDOM OR UNKNOWN CHANNELS

C. K. Rushforth, IEEE Trans. Inform. Th.,

vol. IT-10, no. 1, Jan. 1963, p. 39/42•

• . . The channel is assumed to be linear,

and is divided into a multiplicative and an

additive portion .... The channel outputs

and the additive noises are further assumed to

be Gaussian ....

Included: Rician fading channels; Rayleigh fading channels; Theory of multipath distortions in gen-

eral; MRF = multipath reduction factor; Rician multi channel; Mathematical models of scatter

channels; Inverse ionosphere; Models of multipath structures.

Not Included: Anti-multipath detection systems (2).

Cross References: Scatter communications channels (Sect• 1.66); HF communications channels

(1. 644); Analytical background of natural propagation media (1. 631); Reg_ilar characteristics of

the ionosphere (1. 632); Medium wave fading characteristics (1. 643); Special sig]lal distortions

(Sect. 1.62); Surveys of multipath communications methods (1. 660); FM distortions caused by

multipath effects (1. 623); Scatter system design information (1. 661).

Principal Publications:

DISTRIBUTION OF THE DURATION OF FADES

IN RADIO TRANSMISSION: GAUSSIAN NOISE

MODE L

S. O. Rice, Bell Syst. Tech. J., vol. 37, no.

3, May 1958, p. 581/635.

. . . Estimates of the distribution of the fade

lengths for various depths of fades . . .

THE EFFECTS OF PULSE SHAPE AND FRE-

QUENCY SEPARATION ON FSK TRANS-
MISSION THROUGH FADING

G. L. Turin, IRE Nat. Cony. Record, vol. 6,

March 1958, p. 217/224.

MEAN ABSOLUTE VALUE AND STANDARD

DEVIATION OF THE PHASE OF A CONSTANT

VECTOR PLUS A RAYLEIGH-DISTRIBUTED

VE C TOR

J. R. Johler, et al., J. Res. Nat. Bur. Stand•,

vol. 62, May 1959, p. 183/186.

An evaluation of the first-and second-moment

integrals of the probability distribution . . . tab-

ulatcd over a wide range of values of average re-

lative intensity (K2 = 0. 010 to 1000. )

THE SPEED OF TRANSMISSION OF INFORMA-

TION AND TtIE CARRYING CAPACITY OF A

MULTIPATII SYSTEM AND RECEPTION BY

TItE LINEAR OPERATOR CONVERSION

M E "VH OD

I. A. Ovseyevich, et al., Radio Engng. , vol.

14, no. 3, 1959, p• 13/29.

SOME COMPUTATIONS OF ERROR RATES FOR

SE LECTIVELY FADING MULTIPATH

CHANNELS

G. L. Turin, Proe. Nat. Electronics Conf.,

vol. 15, Oct• 1959, p. 431/440.

The probability that an ideal receiver makes

an error in receiving a binary transmission

through a noisy, selectively fading, discrete-

multipath channel can often be related to the

probability that the difference of two quadratic

forms in complex normal variables, in itself

a quadratic form is less than a given constant.

An expression for this error probability is

presented and condition are discussed under

which this expression may be easily evaluated.

THE SUM OF LOG-NORMAL PROBABILITY

DISTRIBUTIONS IN SCATTER TRANS-

MISSION SYSTEMS

L. F. Fenton, IRE Trans. Commun. Syst.,

vol. CS-8, no. 1, March 1960, p. 57/67•

V. H. F. SOUND BROADCASTING, SUB-

JECTIVE APPRAISAL OF DISTORTION DUE

TO MULTI-PATH PROPAGATION IN F. M.

RE CE PTION

R. V. Harvey, l>roc. Instn. Elect. Engrs., pt.

B (London), vol. 107, no. 35, Sept. 1960,

p. 412/422.
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"- • • . The mechanism of multi-path distortion

is discussed ....

CORRELATION BETWEEN AMPLITUDES OF

RADIO WAVES OF DIFFERENT FRE-

QUENCIES IN UHF BEYOND-THE-HORI-
ZON PROPAGATION

M. Hirai, et al., J. Radio Res• Lab., vol. 7,

Sept. 1960, p. 509/529.

Selective fading in u• h• f• transhorizon pro-

pagation is caused by interference between

multipath waves• On this basis, a correlation

coefficient between the amplitudes of waves

of different frequencies is derived• The rela-

tionship between this coefficient, the amplitude

ratio distribution and multipath wave distribu-

tion is analyzed . . .

INVERSE IONOSPHERE

G• D. Hulst, IRE Trans. Commun• Syst., vol•

CS-8• no. 1, March 1960, p• 3/9.

The distortion introduced into a large-range

communication system by unpredictable multipath

conditions of the ionosphere is described • . •

SOLUTION OF AN INTEGRAL EQUATION OC-
CURRING IN MULTIPATH COMMUNICATION

PROBLEMS (Correspondence)

T• Kailath, IRE Trans. on Inform• Th., voL

IT-6, no. 3, June 1960, p. 412•

INVESTIGATION OF THE PROPERTIES OF

RADIO COMMUNICATION CHANNELS CON-

TAINING STATISTICALLY INHOMOGENEOUS

MEDIA

V• I• Siforov, et al., In: Radio Waves and Cir-

cuits; Proc. of Commission VI on Radio

Waves and Circuits during the XIIIth General

Assembly of URSI, London, Sept. 1960, Edited

by Samuel Silver, New York, Elsevier Pub-

fishing Co., 1963, p• 251/268, 125 refs• ,
A64-10837.

at a low additive noise level. The concepts of

self capacity and conditional capacity for a chan-

nel are introduced. It is proved that the capacity

drops by not more than 17% for slow random var-

iations in the parameters of a multi-path channel

for any signal-to-noise ratio ....

PHASE-SHIFT KEYING IN FADING CHANNELS

H. B. Voelcker, l>roc. Insta. Elect. Engrs•,

pt. B, vol• 107, no• 31, Jan. 1960, p. 31/38.

A NOTE ON ERROR STATISTICS IN FADING

RADIOTE LETYPE CIRCUITS

(Correspondence)

H• Voelcker, IRE Trans. Inform. Th., vol• IT-6,

no• 5, Dee• 1960, p• 558•

SOLUTION OF AN INTEGRAL EQUATION OC-

CURRING IN MULTIPATH COMMUNICATION

PROBLEMS (Correspondence)

IRE Trans. Inform. Th, vol• IT 6, no. 3,

June 1960, p. 412•

CODED, DIVERSIFIED, RAYLEIGH-FADED
BINARY SYMMETRIC THRESHOLD

CHANNELS

Research Lab• of Electronics, MIT, Cambridge,

4 Dec. 1960, 32 p. (Tech. rept. 384), AD
264 722•

• . . with null-zone detecting and diversity

• . . bounds of decoding error of a coding

scheme designed for a null-zone channel are
evaluated ....

STATISTICAL ANALYSIS OF MULTIPATH

JITTER

J. J. Brandinger, et al., RCA Rev., vol. 22,

no. 3, Sept. 1961, p. 487/507.

• . . time stability of multipath jitter ....
first-order statistics . . . determination of the

autocorrelation and power spectral density
functions . . .

Brief survey of the basic trends in investiga-

ting the properties of radio communication chan-

nels containing statistically inhomogeneous media

The neessity is indicated for developing new com-

munication systems using the potential possibili-

ties of channels with fluctuating parameters to a

larger extent than has been done in the past.

ON THE THEORY OF RADIO COMMUNICATION

CHANNELS WITH RANDOMLY VARYING
PARAMETERS

V. I. Siforov, In: Radio Waves and Circuits;
Proc. of Commission VI on Radio Waves

and Circuits during the XIIIth General As-

sembly of URSI, London, Sept. 1960, Edited

by Samuel Silver, New York, Elsevier Pub-

lishing Co., 1963, p• 164 194, 11 refs.,
A64-10832.

Description of some results of research on

capacity of radio communication channels having

multi-path wave propagation.. • classified into

type I and type II with respect to their capacity

ERROR PROBABILITY OF CASCADED BINARY

COMMUNICATION LINKS PERTURBED BY

ADDITIVE GAUSSIAN NOISE AND RAYLEIGH

FADING

H• D• Goldman, et al•, New York U., Coll. of

Engineering, N. Y., Sept. 1961, 46 p.,

(Rept 6), AFCRL-900, AD 269 087.

• . . the cases of independent and completely

correlated fading are considered.

FREQUENCY ERROR EFFECTS ON A BINARY

COMMUNICATION SYSTEM UTILIZING CO-

HERENT INTEGRATORS

H• J. Juda, et al., Rec. Nat. Commun• Symp•,
vol. 7, Oct. 1961, p. 247/253•

• . . to evaluate the performance.., as a

function of frequency mismatch between the

signal and the signal detector ....

INVESTIGATION OF DIGITAL DATA COMMU-

CATION SYSTEMS
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J. G. Lawton, Cornell Aeronautical Lab., Inc.,

Buffalo, N. Y., 3 Jan. 1961, (Rept. no. UA-

1420-S-1), RADC TR 61-58, AD 256 584•

• . . performance of m-slate differentially

coherent multiplexed PSK data links operating

over a Rayleigh fading tropospheric scatter link

is analyzed• The properties of impulse noise
are examined.., effect of packed codes are

investigated ....

THE CHANNEL CAPACITY OF ONE-AND TWO-

PATH COMMUNICATION CHANNELS WITH

POLARIZATION (In Russian)

L. Khai-Tsyuan', Radiotekhnika i Elektronika,

vol. 6, no. 2, Feb. 1961, p. 200/203.

The channel capacity of the received signal is

calculated for a uniform distribution of the angle
between the electric field and a horizonal vibra-

tor, with additive Gaussian noise. Particular

cases given are for small signal to noise power
ratios and for a high signal to noise power ratio.

• • •

NEW METHODS OF EVALUATING THE DISTOR-

TION IN THE MULTI-PATH PROPAGATION

OF SIGNALS

V. A. Smirnov, Telecommunications, no. 5,

Oct• 1961, p. 489/500.

Two methods are given for evaluating the

distortion arising from the multi-path propa-

gation of signals. These methods can be called

energy methods, since the distortions are

measured by the relative values of the power of

the products of distortion• The difference
between the two methods consists in this: that in

one case the ratio of the power of the products

of distortion at the input of the receiver to the

power of the useful signal is determined, and in

the other case the ratio of the power of distortions

at the output of the receiver to the power of the

useful signal• Both methods are applicable to any
form of modulation and manipulation and thus

make it possible to compare quantitatively dif-

ferent systems of communication ....

SOME STATISTICAL PROPERTIES OF PULSED

OBLIQUE HF IONOSPHERE TRANSMISSIONS

M. Balser, et al., Lincoln Lab., Mass. Inst. of

Tech., Lexington, 7 May 1962, 10 p., AD

405 007.

• . . amplitude fading of 35-microsecond hf

pulses transmitted via the ionosphere over a

1,566-km path between Atlanta, Ga., and Ipswich,
Mass. The distribution functions for about half

of the records taken fit the family of distributions

for a sine wave in Ganssian noise, with most of

these best/fitting the curved for pure noise (the

Rayleigh distribution). Some examples of two
sine waves with random phase are observed. It

is concluded that most of the remaining curves
which do not fit these distributions correspond to

samples of nonstationary functions ....

TtIE INFLUENCE OF FADING SPECTRUM ON

TIlE BINARY ERROR PROBABILITIES OF

INCOItERENT AND DIFFERENTIALLY

COttERENT MATCHED FILTER RECEIVERS

222

P° A. Bello, et al., IRE Trans. Commun• Sysb.',
vol° CS-10, no. 2, June 1962, p° 160/168•

Previous derivations . . . have assumed that

the fading rate is so slow that fluetations within

a bit may be ignored. This slow fading assump-
tion is removed in the present paper which de-

rives general expressions for the binary error

probabilities of incoherent and differentially co-

herent matched filter receivers employing post-

detection diversity combining• In the analysis
it is assumed that the transmitted signals oc-

cupy a band-width much smaller than the co-
herence bandwidth of the medium so that "flat"

fading may be assumed• In addition, it is as-

sumed that the amplitude and phase fluctuations

produced by the medium have the same statis-
tical character as those of narrowband

Gaussian noise ....

PREDETECTION DIVERSITY COMBINING WITH

SE LE CTIVE LY FADING CHANNELS

P. Bello, et al., IRE Internst. Conv. Rec•,
Part 8, vol• 10, March 1962, p. 140/155•

NOISE IMMUNITY OF PHASE SHIFT KEYING

IN SIGNAL FADING (Translation)

I. V. Dulenko, Telecommun. Radio Eng_g.,

Part I - Telecommunications, Nov. 1962,

p• 66/68, A63-19197.

• . . The error probability in a channel with

slow fading is assessed, using the method of

Fink ....

A COMMUNICATION ANALYSIS OF HIGH FRE-

QUENCY IONOSPHERIC SCATTERING

G. Einarsson, Research Lab. of Electronics,

Mass. Inst• of Tech•, Cambridge, 15 March

1962, 76 p. Technical rept. no. 400, AD
416 605.

• . . The possibility of representing a multi-

path channel as a time-variant filter is investi-

gated ....

THE OPTIMUM BIT LENGTH FOR HF DATA

TRANSMISSION

H. Fiege-Kollmann, Ree° Nat. Commun.

Symp., vol. 8, no. 10, Oct. 1962, p.
108/115, 13 Refs.

THEORETICAL DIVERSITY IMPROVEMENT IN

MULTIPLE FREQUENCY SHIFT KEYING

P. M• Hahn, IRE Trans. Commun. Syst., vol.

CS-10, no. 2, June 1962, p. 177/184.

• . . signals on the several diversity chan-

nels are presumed to be perturbed independently

by Rayleigh fading and additive white Gaussian

noise• Also, it is assumed that fading is slow

and that envelope, cross-correlation (matched

filter) detection is used ....

ON THE TRANSFER FUNCTION FOR A RADIO

SCATTER CHANNEL
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H• E• Hardebeck, Cornell U•, Ithaca, N. Y.,
15 March 1962, 23 p• incl. illus., 8 refs.,
Research rept. no• RS 37: Scientific rept•
no• 5, AFCRL 62-571, AD 286 153•

P• A• Bello, et al., IEEE Trans. Commun.
Syst•, vol• CS-11, no. 2, June 1963, p.
170/186.

The presence of frequency-selective fading
in a communication channel limits the maximum

data rate capability of conventional communi-
cation systems .... receivers employing post-
detection diversity combining .... it is
assumed that the fading is slow enough so that
over a few bits at least the channel transfer

function remains constant. In addition, it is
assumed that the amplitude and phase fluctations
on a received carrier have the same statistical

character as those of narrow-band Gaussian
noise ....

INFORMATION CAPACITY OF FADING CHAN-
NELS UNDER CONDITIONS OF INTENSE

INTERFERENCE

J• P. Costas, l>roc. IEEE, vol. 51, no• 3,
March 1963, p• 451/461•

• . . such systems must receive and process
two distinct types of information. The first,
and quite obvious, type of information concerns
the intelligence signal which is provided as an
output from the receiving terminal of the system•
The second, and much less obvious, type of in-
formation concerns medium variations ....

This paper is concerned with the limiting case
of very small channel SNR's that are below the
level required for analysis of the medium at the
receiver .... The mathematical approach
used is sufficiently general to permit inclusion
of random system variations (such as oscillator
phase) as part of the medium variations and hence
the results are believed to be applicable to a

wide variety of communication situations including
deep-space probe telemetry•

ON THE STATISTICAL THEORY OF ELECTRO-
MAGNETIC WAVES IN A FLUCTUATING

MEDIUM. I.

K. Furutsu, J. Res• Nat. Bur. Stand., Section

D - Radio Propagation, vol. 67 D, May-June
1963, p. 303/323, 12 refs., A63-18084.

• . . symbolic representation of Maxwell's
equations is introduced .... Feynman diagram
method is applied to the computation of the cor-
relation of the fields at different points in space

to any order of approximation .... The disper-
sion relation is derived as a connected problem•

DETECTION OF FADING TARGETS IN NOISE:
THE CASE IN WHICH THE FADING IS

NEITHER FAST NOR SLOW

P. W. James, Royal Aircraft Establishment
(Gt. Brit) Jan. 1963, 40 p. RAE TN RAD
828, AD 406 158.

• • . with particular reference to the case
when the signal fading period is (a) less than

the post-detection integration time, and (b) .'
greater than the time interval over which the

noise, after multiplication by an appropriate
reference waveform, is predictable . . . The
theory leads to expressions for detection prob-
abilities for arbitrary fading rate• Some

numerical results are presented in the form of
graphs showing how the diversity gain arising

out of the signal fluctuation varies with fading
rate•

APPROXIMATE DETERMINATION OF THE
DISTRIBUTION FUNCTION OF FADE

LENGTHS BELOW THRESHOLD LEVEL
FOR THE ENVELOPE OF THE SUM OF A
DETERMINISTIC SIGNAL AND GAUSSIAN
STATIONARY NOISE

B. R. Levin, et al., Radio Engng: Transl. of
Radiotekhnika, vol. 18, no. 5, May 1963,
p. 20/26•

The distribution function of the axis-crossing
intervals for the envelope of the sum of a
sinusoidal signal and Gaussian noise by the
first-approximation curve for noise alone when

the intervals are small and by an exponential
curve when the intervals are too large is
approximated .... compared with known ex-
perimental data as well as with Rice's approx-
imation method ....

ASYMPTOTIC PERFORMANCE CHARACTERIS-

TICS FOR MULTIRECEIVER COMMUNICA-
TIONS THROUGH THE RICIAN MULTI-
CHANNEL

W. C. Lindsey, Jet Propulsion Lab., Calif.

inst. of Teeh., Pasadena, April 30, 1963,
21 p., 19 refs., NASA CR-50655; JPL-TR-
32-400, N63-18387.

Ideal... characteristics . . . for.., the

coherent adaptive multireceiver and the nonco-
herent multireceiver. The transmitter for the

system selects for transmission one of two

equiprobable, equal-energy correlated wave-
forms. The selected waveform is transmitted

into the Rician fading multichannel with additive
gaussian noise superposed at the receiver end.
The multichannel may take on one of four forms,

i. e., it may change from one of a completely
random nature to that of a completely fixed
nature.

ERROR PROBABILITIES FOR RICIAN FADING
MULTICHANNEL RECEPTION OF BINARY
AND N-ARY SIGNS

W. C. Lindsey, Jet Propulsion Lab., Calif.
Inst. of Tech., Pasadena, June 3, 1963, 24
p., 26 refs., (NASA CR-51853; JPL Tech.
Rept. 32-450, N63-22895.

• . . derived for two different forms of multi-

receivers (the coherent and noncoherent), which
are used in binary and N-ary signaling through
the Rician fading multichannel . . .

SPECTRAL CHARACTERISTICS OF PHASE-

DIFFERENCE FLUCTUATIONS (Translation)

A. V. Men', Telecommun. Radio Engng, Part
2 - Radio Engineering, July 1963, p. 24/32,

10 refs., A64-15463.
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'. The result is not unreasonable compared to

some experimental results• A correlation

function in frequency was also computed• Unfor-

tunately, sweep frequency experiments have not

produced enough data as yet to make it possible

to compare the data with the computed correla-
tion function.

COMMUNICATION THROUGH RANDOM

MULTIPATH MEDA

D. P. Harris, Stanford Electronics Labs.,

Stanford U., Calif., April 1962, 89 p• incl.

illus., 24 refs., (Technical rept. no• 1002-

2), AD 291 447.

of quantileb ol error probability as well as the

mean probability of error•

SIGNAL POWER IMPROVEMENT THROUGH

CODING AND DIVERSITY

J. Mort-Smith, et al., Air Force Cambridge

Research Labs., Bedford, Mass., June

1962, 37 p. incl. illus., tables, 6 refs.,

(Rept. no. AFCRL 62-383), AD 283 349.

• . . calculated as a function of bandwidth,

capacity, and reliability for gaussian noise and

independent Rayleigh fading on a binary sym-

metric channel.

• . . Analysis is undertaken in sufficient

depth to give guidance in the selection of design

parameters of various types of systems ....

comparisons . . . of the performance potentials

of different communication techniques• Bounds

on the communication rate possible with an

adaptive matched-filter receiving technique are

obtained as functions of the channel-sounding

effort, the signal characteristics, and the chan-

nel characteristics .... The performance

characteristics of a class of radiometric signal-

detection techniques that require no channel-

sounding provisions are analyzed .... The

results appear to be very attractive when re-

latively large channel bandwidths are avail-

able .... For many types of multipath chan-

nels, the advantages of seeking generally opti-

mum communication techniques are somewhat
limited.

EVALUATION OF A BURST-ERROR CORREC-

TION CODE ON A GILBERT CHANNEL

D. G• Iram, Rome Air Development Center,

Griffiss Air Force Base, N. Y., May 1962,

57 p. incl. illus., 8 refs., (RADC-TDR-62-

189), AD 276 527.

• . . evaluating the improvement afforded a

fading-type channel by the use of a burst-error

correcting code . . .

MEASUREMENT OF IONOSPHERIC PATHS

AS A TIME-VARYING NETWORK

A. E. Laemmel, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.,

Scientific rept. no. 2, 13 Dec. 1962, 7 p.,

(Research rept. no• PIBMRI-1102-62),

(AFCRL 63-14), AD 298 298.

STUDY OF FINE GRAIN FADING AND PHASE

STABILITY OF MULTIPLE CW SIGNALS

G. C. Porter, et al., General Dynamics

Electronics, Rochester, N. Y., Interim

technical rept. no. 3, 1 Jan - 31 Aug. 1962,

Iv., AD 406 213.

A NEW IONOSPHERIC MULTIPATH REDUCTION

FACTOR (MRF) (Correspondence)
R• K. Salaman, IRE Trans. Commun. Syst.,

vol. CS-10, no. 2, June 1962, p. 220/222.

The concept of the multipath reduction factor

(MRF) is due to D. K. Bailey. The MRF may
be defined as the lowest per cent of the MUF for

which the range of multipath propagation time
differences is less than a specified value. The

MRF thus defines the frequency above which a

specified minimum protection against multipath

is provided ....

THEORETICAL INVESTIGATION OF DUAL

RATE TRANSMISSIONS OVER GAUSSIAN

MULTIPLICATIVE CIRCUITS

Final rept• 12 April 1962, 127 p. incl. illus.,

tables, 12 refs., (Rept. no. F-1004-1),

(AFCRL-62-198), AD 278 139.

• . . The effects of Rayleigh fading and ad-
ditive Gaussian noise in both the forward and

feedback channels are studied . . .

A METHOD FOR PREDICTING INTERCHANNEL

MODULATION DUE TO MULTIPATH PRO-

PAGATION IN FM AND PM TROPOSPItERIC

RADIO SYSTEMS

C. D. Beach, et al., Bell Syst. Tech. J., vol.

42, no. 1, Jan. 1963, p. 1/36.

EFFECTS OF FADING ON QUADRATURE

RE CE PTION OF ORTHOGONA L SIGNA L,S

G. Lieberman, RCA Rev, vol. 23, no• 3, Sept.

1962, p. 353/395•

• . . An analysis of effects of fading, fre-

quency instability, and noise on quadrature

reception of orthogonal signals is given . . .

The analysis includes effects of the shape of the

spectrum of the fading carrier. The model

assumes nonselective fading consisting of a

specular componcnt superposed on a Gaussian-

process random component. The measure of

error pro',_bilitv performance used consists

• . . Values of sigaaal-to-intermodulation

ratio, S/I, are calculated for various pairs of

signal reflections in the troposphere, taking into
account the base bandwidth and frequency devia-

tion of the system, the antenna patterns, the

path geometry, and climatic conditions during

the "worst month" of propagation ....

TtII" EFFECT OF FREQUENCY SELECTIVE

FADING ON TIIE BINARY ERROR PROB-

ABILITIES OF INCOItERENT AND DIF-

FERENTIALLY COHERENT MATCHED

FILTER RECEIVERS
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. • • . spectral characteristics of phase-dif-
ference (amplitude) fluctuations for waves pro-
pagating in a turbulent medium . . . It is noted
that when measurements are carried out over
large bases, the phase-difference fluctuation
spectrum has, independently of the path type,
an oscillatory behavior ....

LINEAR SIGNAL PROCESSING THEORY AND
MEASUREMENTS

A. H. Nuttall, Litton Systems Inc., Waltham,
Mass., 30 April 1963, 79 p•, TR63 2BF,
AD 404 712•

A time-varying random linear system model
is hypothesized for the communication medium•
The fundamental parameters and analysis tech-

niques for the linear system are described,
and applied in a multiple alternative communi-

cation mode with Rayleigh fading. A comparison
of several receiver types is then effected•

STUDY OF FINE GRAIN FADING AND PHASE
STABILITY OF MULTIPLE CW SIGNALS

G. C• Porter, et al•, General Dynamics
Electronics, Rochester, N. Y., Technical
rept• no• 4 (Final), 1 Jan. 1962 - 30
April 1963, on task 3, 30 April 1963, Iv.,
AD 420 841•

• . . a study oriented to the collection of
statistical data on fine grain phase and ampli-
tude stability of CW signals transmitted over a
long range HF path. The received signals were

recorded on magnetic tape and analyzed in the
laboratory for single tone first difference, two

tone difference, and two tone second difference
phase measurements; the envelope recordings
were analyzed for absolute amplitude proba-
bility, fading rate, and fade duration proba-
bility. A test facility was used between

Hawaii and New Jersey. Signals were trans-
mitted during a 48 hour test period ....

OPTIMUM TRANSMISSIONS FOR MULTIPATH
CHANNELS

J. G. Proakis, Lincoln Lab., Mass. Inst. of
Tech., Lexington, 16 Aug. 1963, 38 p.,
Rept. no. 64G3, AFESD TDR63 101, AD 416
639.

• • . very restrictive conditions on the chan-
nel behavior, namely that the received signal
consists of resolvable, independently Rayleigh
fading paths each of which has been corrupted
additively by independent gaussian noise• Pro-
bility of error expressions are . • • generali-

zations of results obtained earlier by Turin,
Hahn, and Pierce. From these expressions
the optimum time duration for pulse trans-
missions is computed for two channels - the
orbital dipole channel and the moon.

POWER SPECTRAL DENSITY ESTIMATES OF

THE FADING OF HIGH FREQUENCY RADIO
WAVES

D. H. Schrader, Boeing Scientific Research

Labs., Seattle, Wash., May 1963, 65 p.,
Rept. no. D1 82 0244, AD 417 190.

The power spectral density of the fading
power of high-frequency radio waves and methods
of estimating this function are the subject of
this report .... two different methods . . .
The asymptotic low-frequency variation of es-

timates computed on a digital computer and the
expected value of estimates computed with an
analog computer are derived. In general, the
power density is confined to frequencies below
one cycle per second.

RELATION BETWEEN THE AUTO-CORRELA-
TION COEFFICIENTS OF SINGLY-AND

MULTIPLY-REFLECTED RADIO WAVES

N• N. Sen, et al., J. Atmos. Terr. Phys.,
vol. 26, Jan. 1964, p. 25/30, A64-14595.

Establishment of relations between the auto-

correlation coefficients of the fading of the first
and the third returns and then between the auto-

correlation coefficients of the first and the nth

returns from the ionosphere. An experimental
verification of the relations between the first

three orders of reflections from the ionosphere

is also given.

FAMILIES OF DISTRIBUTIONS FOR HOURLY
MEDIAN POWER AND INSTANTANEOUS
POWER OF RECEIVED RADIO SIGNALS

M. M. Siddiqui, et al., J. Res. Nat. Bur.

Stant., Section D - Radio Propagation,
vol. 67 D, Nov. - Dee. 1963, p. 753/762,
A64-10346.

Investigation of the gamma family of proba-
bility distributions of connection with the distri-
bution of hourly median received power or trans-
mission loss. By taking a mixture of Rayleigh

distributions with gamma distributions as mix-
ing distributions, the long-term distributions of
instantaneous signal power are theoretically de-
rived .... Graphs and tables are prepared to

facilitate the applications of the theory to the
data.

CONDITIONS OF MAXIMUM NOISE IMMUNITY
OF SYSTEMS WITH ACTIVE SPACING IN-
TERVAL AND INDETERMINATE SIGNAL
PHASE

I. A. Tsikn, Radio Engng: Transl. of Radio-
tekhnika, vol. 18, no• 7, July 1963, p.
1/n.

SIGNALS, SCATTERERS, AND STATISTICS

V. Twersky, IEEE Trans. Anteunasl>ropaga -
tion, vol. AP-11, Nov. 1963, p. 668/680,
22 refs., A64-11807.

Study of an ensemble of complex numbers,
such as a set of signals in time and the field

scattered by different configurations of scat-
terers . . . considered are: (1) the average
total intensity, the coherent intensity, and
the incoherent intensity; (2) the coherent

phase, average phase, and average-square
phase; and (3) the variance of the real and imag-
ary components of the ensemble and their covar-
lance, as well as the higher moments ....
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REFLECTIVE MULTIPATH EFFECTS ON

BINARY PSK TRANSMISSIONS

V. F• Volertas, Rec• Nat• Commun. Syrup.,
vol• 9, Oct. 1963, p. 342/349•

The effects of reflective multipaths on

pseudo-random, binary PSK transmissions with

quadrature detection are investigated• The paper

considers reflective multipaths with long delays

and reflective multipaths with delays shorter

than a keying element duration ....

Related Publications:

SOME RELATIONS BETWEEN THE BEARING

AND AMPLITUDE OF A FADING RADIO

WAVE

H. A. Whale, et al., J. Atmos. Terr. Phys.,
vol. 13, no. 1-2, 1958, p• 72/85.

CHARACTERISTICS OF MEDIUM-WAVE FADING

(In Japanese)

E. Sawamura, J• Inst. Elect. Commun•

Engrs., vol• 42, no. 10, Oct. 1959, p.

934/937.

FADING LOSS IN DIVERSITY SYSTEMS

M. Brilliant, IRE Trans. Commun. Syst.,

vol. CS-8, no. 3, Sept. 1960, p. 173/176.

. • . using optimum diversity combining . . .

The ratio of the mean to effective signai-to-noise

ratios of the combined signal is called the fading
loss.

QUESTIONS OF POTENTIAL INTERFERENCE
RESISTANCE WHEN THE SIGNAL FADES

D. D• Klovskii, Radio Engllg: Transl. of

Radiotekhnika, vol. 15, no. 5, 1960, p.

24/35.

Criteria are obtained for single coherent and

non-coherent reception of discrete messages for

an ideal receiver in the presence of fluctuating

interference and rapid smooth ladings of the

signal• The probability density of the envelope

of the signal reaching the receiver is assumed

to be distributed according to the generalized

Rayleigh law .... The minimum probability

of faulty reception is calculated for certain

classes of systems ....

(No Title)

S. H. Chang, et al., Electronics Research
Lab•, Northeastern U., Boston, Mass.,

31 May 1961, 126 p•, Final rept., AFCRL-

364, AD 264 765.

The basic factors in multipath, and some

existing systems of reducing these defects,

are examined . . . conjectures on possible

modifications . o . to improve bandwidth-time

utilization. ° . Two novel schemes of detection,

an a posteriori probability computer . . . and

an asynchronous demodulator . . . are studied.

A COMMUNICATION ANALYSIS OF HIGH FRE.-

QUENCY IONOSPHERIC SCATTERING

G. Einarsson, Research Lab. of Electronics,

Mass. Inst. of Tech. Cambridge, 15 March

1962, 76 p., Technical rept. no. 400, AD

416 605.

• . . The possibility of representing a multi-

path channel as a time-variant filter is investi-

gated ....

EFFECT OF PROPAGATION FADING AND

ANTENNA FLUCTUATIONS ON COMMU-

NICATION SYSTEMS IN A JAMMING EN-

VIRONMENT

A. B. Glenn, et al•, IRE Trans. Commun.

Syst., vol. CS-10, no• 1, March 1960, p.
43/60.

. . . The results are plotted for a large

variety of fading conditions for both the desired

and undesired signals and antenna fluctuations.

• • •

INFORMATION TRANSFER EFFICIENCY OF

WIDEBAND COMMUNICATIONS SYSTEMS.

PART III• A WIDEBAND ADAPTIVE

COMMUNICATION SYSTEM

J. C• Hancock, et ai., Purdue U., School of

Electrical Engineering, Lafayette, Ind.,

Final tech. rept•, June 1961 - June 1962,

on Improved Information Transfer Efficiency

of Wideband Systems, July 1962, 218 p.,

incl. illus., 60 refs., (ASD TDR 62-611,

pt. 3), AD 284 452.

. . . capable of monitoring the medium

through which it must perform while aim-

ultaneously transmitting information and con-

tinuously adjusting its modes of operation . . .

Statistical methods are applied to the adaptive

communication problem ....

MULTIPATH AND SCATTERED COMMUNICA-

TION TECHNIQUES

D. P. Harris, Lockheed Aircraft Corp.,

Sunnyvale, Calif., Tech. rept• on Flight
Sciences, May 1962, 10 p., incl. illus.,

16 refs., (rept. no• 6-90-62-42), AD 275
343.

• . . Power requirements and bandwidth re-

quirements per unit information transmission

rate are evaluated and compared for these

techniques and for differentially coherent narrow-

band techniques under similar conditions.

ETUDE THEORIQUE ET EXPERIMENTALE
DES PROBLEMES DE FLUCTUATIONS

RAPIDES EN PROPAGATION TROPO-

SPHERIQUE (In French) (Theoretical and

Experimental Study of Rapid Fluctuations in

Tropospheric Propagation)

R. Tremblay, Ann. Radioelect., vol. 17, no.

70, Oct. 1962, p. 280/296•

• . . The instantaneous frequency analysis

of the received signal explains the linear aspect
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of the observed spectra• It also determines the

spreading of the instantaneous values of the fre-

quency bandwith of the tropospheric link, and,

finally, gives information about the structure of

the propagation medium .... shows the cor-
relation which exists between the rate of fluctu-

ation and the transverse component of the alti-

tude wind.. • similarity which exists in this

case between the amplitude frequency spectra

little is yet understood about the actual per-

formance of such circuits during the deep fading
situations which limit the performance . . . In

this paper a model that is consistent with

observed experimental data is developed for a

fading circuit• The instrumentation necessary

to allow laboratory simulation and testing under

exactly those conditions which are most critical

for satisfactory system design is discussed•
and the amplitude-time spectra . . . In the case

where the fluctuations in time are caused by

atmospheric turbulence the preceding conclusions

do not apply . . . An elaborate experimental study
confirms the theoretical results obtained.

DIVERSITY COMBINATION OF FADING SIG-

NALS WITH UNEQUAL MEAN STRENGTHS

B. B• Barrow, IEEE Trans. Commun• Syst.,
vol• CS-11, no• 1, March 1963, p• 73/78•

• • • comparison• • . for anumber of dif-

ferent types of fading, including Rayleigh fading

• . . correlated Rayleigh fading, and certain

non-Rayleigh types ....

MICROWAVE RADIO RELAY. IONOSPHERIC

TRANSMISSION MODELS• TASK 5.

CORRELATION BETWEEN TRANSMISSION

PARAMETERS OF DISPERSIVE CIRCUITS

AND SYSTEM PERFORMANCE FOR APPLICA-

TION TO ADAPTIVE COMMUNICATIONS

SYSTEMS

M. Masonson, et al., RCA Defense Electronic

Products, New York., Final rept. 28 March-

30 Sept. 1963, 30 Sept• 1963, 256 p., Rept.

no• CR63 419 12, AD 436 390.

• . . The principal objective is to develop

suitable models, or concepts of transmission,
DIGITAL TRANSMISSION IN MEDIA OF VARI-

ABLE TIME DELAY

E. M. Bradburd, et al., Conf. Proc. Nat.

Conv. Mil. Electronics, vol. 7, Sept. 1963,

p. 438/442.

• . . requires suitable techniques for bit

synchronization, bit identification and time

division multiplexing. Increasing refinements

in these techniques are needed in the progres-

sion from networks of two nodes connected by

a single link to a number of nodes joined by tan-

dem links and thence to networks of higher con-

nectivity. The addition of link encryption and

multiplexing of information impose even more

severe constraints .... the three key terms
in this analysis . . .

PERIODIC FADING OF VLF SIGNALS RECEIVED

OVER LONG PATHS DURING SUNRISE AND

SUNSET

D. D. Crombie, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14, 1963, Paper 68D1-313.),

Journal of Research, Section D - Radio

Science, vol° 68D, Jan. 1964, p. 27/34,

9 refs., A64-14687.

Account of fading phenomena over two selected

long paths, with an outlined explanation. Ob-

servations of diurnal phase and amplitude var-
iations between NPM and NBA received at

Frankfurt are plotted, and comments made on

features of interest. Similar plots and comments

are made for seasonal variations and mean rate

of change of phase ....

SIMULATION OF A FADING MEDIUM

R. Krulee, Rec. Nat. Commun. Symp., vol.
9, Oct. 1963, p. 233/240•

Despite the extensive use of HF and scatter

techniques on long-haul circuits, surprisingly
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via HF ionospheric links, on which to base pre-

dictions of performance given the expected chan-
nel conditions•

LINEAR SIGNAL PROCESSING THEORY AND

MEASUREMENTS

A. H. Nuttall, LItton Systems Inc., Waltham,

Mass., 30 April 1963, 79 p., TR63 2BF,

AD 404 712.

A time-varyIng random linear system model

is hypothesized for the communication medium.

The fundamental parameters and analysis tech-

niques for the linear system are described, and

applied in a multiple alternative communication

mode with Rayleigh fading. A comparison of

several receiver types is then effected.

OPTIMUM PULSE TRANSMISSION FOR

MULTIPATH CHANNELS

J. G. Proakis, IAncoln Lab., Mass. Inst. of

Tech., Lexington, 16 Aug. 1963, 40 p. refs.,

(Rept. 64G-3), AD 416 639, N64-17454.

• . . computed under very restrictive condi-

tions on the channel behavior, namely, that the

received signal consists of resolvable, inde-

pendent Rayleigh fading paths, each of which

has been corrupted additively by independent

gaussian noise . . .

METHOD OF PREVENTING SIGNAL DISTOR-

TIONS CAUSED BY MULTIPATH DISTRI-

BUTION DURING METEORIC COMMUNICA-

TION

V. V. Sidorov, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson AFB,

Ohio, 25 July 1963, 3 p., FTD TT 63 434,
AD 414 686.

PROPAGATION OF WAVES IN A MEDIUM WITH

STRONG FLUCTUATIONS OF THE REFRAC-

TIVE INDEX
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V. I. Tatarskii, et al., Zh. Eksper. Teor.

Fiz., vol° 44, Feb. 1963, p. 676/685,

(In Russian), Soviet Physics - JETP, vol.

17, Aug. 1963, p. 458/463, (Translation),

A63-21309.

Derivation of the formulas for the real and

imaginary parts of the propagation constant of

the transmitted wave, and for the scattered in-.

tensity of the field, for a wave propagating in a

medium undergoing small strong-scale fluctu-
ations of the refractive index. The propagation

constant and the intensity are expressed in
terms of the correlation functions of the fluctu-

ations.

1. 613: Analysis of Doppler Shifting Channels

Included: Statistics of echoes from moving scatterers; Ionospheric doppler effect; Doppler effects in
project West Ford.

Not Included: Doppler phenomena in space communications links; Doppler radar design; Anti-Doppler
circuits•

Cross References: Frequency errors in carrier transmission systems (1. 628).

Principal Publications:

SIGNALS WITH UNIFORM AMBIGUITY

FUNCTIONS

R. M. Lerner, IRE Nat. Conv. Rec., March

1958, p. 27/36•

The response of a correlation detector or

matched filter at time t to a signal differing

by Doppler shift _, from the expected one is a

function of these two variables, s(t,_), known

as the ambiguity function.

REDUCTION OF DOPPLER-SHIFT ERRORS

IN IONOSPHERIC-SCATTER FSK COM-

MUNICATIONS

J. W. Koch, National Bureau of Standards,

Boulder, Colo., May 1959, 8 p., (NBS

Rept. no. 6053), AD 232 739.

PERFORMANCE DEGRADATION OF LINEAR

FM-PULSE-COMPRESSION SYSTEMS

DUE TO THE DOPPLER EFFECT

H. O. Ramp, et al., Proe. IRE, vol. 49, Nov.

1961, p. 1693/1694.

LINEAR FM PULSE COMPRESSION DOPPLER

DISTORTION EFFECTS (Correspondence)

Co E. Cook, et al., Proc. IRE, vol. 50, June

1962, p. 1535/1538.

A COMMUNICATION ANALYSIS OF HIGH

FREQUENCY IONOSPHERIC

SCATTERING

G. Einarsson, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge, 15 March

1962, 76 p., Technical Rept. no. 400,
AD 416 605.

Meteoric Doppler frequency shifts of sig-

nals propagated via ionospheric scattering

cause errors in narrow-band FSK communi-

cations. A simple method of reducing the

Doppler-shift errors has been tried. The

principle of operation consists of locking out

the mark channel when a space signal is

present. The experimental results show a

useful reduction in error rate when the

Doppler lock-out circuitry is used.

JOINT ESTIMATION OF DELAY, DOPPLER,
AND DOPPLER RATE

P. Bello, IRE Trans. Inform. Th., vol. IT-6,

no. 3, June 1960, p. 330/341•

THE DICON SYSTEM

R.S. Berg, et al., Lincoln Lab., Mass. Inst.

of Tech., Lexington, 31 Oct. 1961, 28 p.,

(Technical Rept. no. 251), AD 267 536.

• . . to measure and record the pertur-

bations introduced by the West Ford channel.

These perturbations are expected to be due

principally to Doppler shift, Doppler spread

and multipath delay. Since the fluctuation

and multipath times may be of the same
order, a noncoherent detection scheme is
used.

• . . A sampling theorem for linear band-

pass filters is derived, and the results that can

be expected when it is used to represent a single

fluctuating path with Doppler shift are discussed•

DOPPLER EFFECT OF ARTIFICIAL
SATELLITES

J° Mass, et al., IN: Advances in Space Sciences

and Technology, vol. IV, New York,

Academic Press, Inc., 1962, p. 1/38, 43

refs., A63-17567.

Review of the important results published to

date concerning the measurement and utilization
of the Doppler shift from artificial satellites•

THE EFFECTS OF DOPPLER DISPERSION ON

MATCItED FILTER PERFORMANCE

(Correspondence)

W. L. Rubin, et al., Proc. IRE, vol. 50, no.
10, Oct. 1962, p. 2127/2128.

• . . linear FM-pulse compression falls with-

in the broader domain of matched filtering . . .
modifying previous expressions for the "matched

filter uncertainty function", in which Doppler

has been approximated by a simple frequency
translation ....
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' ,DOPPLER PROPAGATION STUDY

Philco Corp., Palo Alto, Calif., 31 Jan. 1963,

61 p., incl. illus., tables, 12 refs., (Rept.

no. WDL-TR1993), AD 297 414.

• . . problems encountered in transmitting

and receiving Doppler tracking signals through

the atmosphere . . . Formulas are presented

for the doppler shift, models of the atmosphere

and equations for atmospheric refraction•

A MODEL FOR THE POWER SPECTRUM OF

RETURNED ECHOES FROM A RANDOM

COLLECTION OF MOVING SCATTERERS

D. G. Childers, et al., University of Southern

Calif., Engineering Center, Los Angeles,

Rept. no. EEl02, SSD TDR 63 408, AD
429 475.

RESEARCH IN CONNECTION WITH

PROPAGATION OF HIGH FREQUENCY

(HE) WAVES

J. Eitzenberger, et al., Batelle Institut,

Frankfurt Main (Germany), Special

technical rept., 1 July 1962-30 June 1963,

lv., AD 416 552, N63-21673.

• . . Measurments of the ionosphere

Doppler effect and the MSF frequencies 2.5
and 5.0 me/s carried out at the Battelle

Institute.

THE EFFECT OF TROPOSPHERIC RE-

FRACTION ON THE DOPPLER SHIFT OF

A SATELLITE SIGNAL

H. S. Hopfield, J., Geophys. Res., vol. 68,

Sept. 15, 1963, p. 5157/5168, A63-22369.

Derivation of an expression for the

contribution made by tropospheric refraction

to the Doppler shift of a satellite signal. It

is assumed that the troposphere is horizontally

stratified and does not vary during the time

of a pass; a two-parameter quadratic expres-

sion is used as an approximation to the

refractivity profile ....

FINE STRUCTURE OF THE DOPPLER SHIFT

IN HETEROGENEOUS MEDIA

B. Manz, Office of Research Analyses,
Mathematics Div., Holloman AFB, N. Mex.,

March 1963, 44 p., refs., (ORA-63-8),
N63-17543.

Formulae . . . signals that either go

directly from the emitter E to the missile M,

or that reach the receiver R after they have
been reflected from M.

THE CORRECTING FOR AND EXTRACTING

OF IONOSPHERIC RELATED FREQUENCY

ERRORS PRESENT ON SIGNALS RECEIVED

FROM COHERNT, MULTIPLE

FREQUENCY ULTRA-STABLE RADIO
TRANSMISSIONS OF ARTIFICIAL EARTH

SATELLITES

G. G. Moore, et al., Texas U., Austin, March

1963, lv., AD 415 967.

• . . effect of refraction errors on the

analysis of Doppler shift data . . . A method of

correcting for first order error . . . Both

digital and analog correction systems are

described, and comparative results are shown . . .

O NAIBOL'SHEM KOLICHESTVE INFORMATSII

OT UDALIAIUSHCHEGOSIA ISTOCHNIKA

(Concerning the Maximum Amount of Informa-

tion from a Receding Source) (In Russian)

V. I. Siforov, Tekhnicheskaia Kibernetika,

July-Aug. 1963, p. 80/83, A64-11057.

CANCELLATION OF DOPPLER FREQUENCY
SHIFT

R. M. Waetjen, Air Force Cambridge Research

Labs., Electronics Research Directorate,

Bedford, Mass., March 1963, 26 p., 5 refs.,
(AFCRL-63-70), N63-16389.

. . .circuit . . . is capable of canceling

first-order Doppler frequency shifts ....

ON THE DOPPLER EFFECT WHEN MOVING

THROUGH A HETEROGENEOUS MEDIUM

G. D. Yakovleva, et al., Foreign Tech Div.,

Air Force Systems Command, Wright-

Patterson AFB, Ohio, 25 July 1963, 11 p.,
AD 415 015.

Related Publications:

A DOPPLER-CANCELLATION TECHNIQUE

FOR DETERMINING THE ALTITUDE

DEPENDENCE OF GRAVITATIONAL RED

SHIFT IN AN EARTH SATELLITE

R. S. Badessa, et al., Proc. IRE, vol. 48,

April 1960, p. 758/765.

JAMPROOF AUTOMATIC FREQUENCY CON-

TROL. VOLUME I. ANALYTIC STUDIES

A. Bond, et al., Bendix Systems Div., Bendix

Corp., Ann Arbor, Mich., Jan. 1962, lv.,

28 refs., (Rept. no. BSR-546, vol. 1),

(ASD TR 61-661, vol. 1), AD 270 529.

• . . to develop design criteria for communi-

cation equipment that could provide adequate

performance when subjected to severe doppler

shifts and other effects encountered in communi-

cations from rapidly moving vehicles ....

AN IONOSPHERIC PHENOMENON DETECTED

BY DOPPLER MEASUREMENTS

(Correspondence)

P. R. Arendt, et al., Proc. IEEE, vol. 51,

no. 2, Feb. 1963, p. 375/376.

• . . This fine structure . . . known as

frequency scintillations• One specific Doppler

curve of satellite 1959 IOTA . . . hump in the

20 Mc Doppler curve occurred about six minutes

after the satellite's arrival, about the time when

the satellite traveled from darkness into sunlight.

The observed increase of frequency cannot be

attributable to an abrupt change of the satellite's

velocity component. We can rule out a change of
the frequency in the satellite's transmitter. The
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discontinuityin thegeneraltrendofthisDoppler
curvecanonlybeattributabletoachangeinthe
electrondistribution....
CHARACTERIZATIONOFRANDOMLYTIME-

VARIANTLINEARCHANNELS
P.A. Bello,IEEETrans.Commun.Syst.,

vol. CS-11, no. 4, Dee. 1963, p. 360/393•

ASYMPTOTIC PERFORMANCE CHARAC-

TERISTICS FOR MULTIRECEIVER

COMMUNICATIONS THROUGH THE

RICIAN MULTICHANNEL

W. C. Lindsey, Jet Propulsion Lab., Calif.

Inst. of Teeh., Pasadena, April 30, 1963,

21 p., 19 refs., (NASA CR-50655; JPL-TR-

32-400), N63-18387.

IMPROVED RADIO DOPPLER DETECTORS

J o L. O'Connor, et al., Airborne Instruments

Lab., Ine., Deer Park, N. Y., Final rept.,

March 1963, 40 p., AD 408 424, N63-17510.

. . . Four X-band FM-CW doppler detectors

and two dual-antenna CW S-Band doppler

detectors . . . were developed . . .

DOPPLER -- AND AIR TRAFFIC CONTROL

E. Swinney, Aircraft, (Australia), vol. 42,

March 1963, p. 16/19, 46, 48, A63-17107.

Described are terminal radar communi-

cations (including evaluation of the VHF radio

telephony), and the Doppler dead-reckoning

equipment.

GROUND-AIR-GROUND DATA TRANSMISSION '

SYSTEMS TESTS

A. J. Uryniak, RADC, Griffiss Air Force Base,

N. Y., July 1963, 21 p., RADC RAU TM 63

2, AD 414 629.

• . . feasibility of Air/Ground/Air Narrow

Band FSK Data System utilizing frequency

diversity and doppler correcting techniques.

CANCELLATION OF DOPPLER FREQUENCY

SHIFT

R. M. Waetjen, Air Force Cambridge Research

Labs., Bedford, Mass•, March 1963, 21p.,

AFCRL 63 70, AD 404 428.

A circuit is described which is capable of

cancelling first-order Doppler frequency shifts•

PRECISION TIME OR FREQUENCY TRANS-

MISSION TO MOVING VEHICLES. Research

Report
R. M. Waetjen, Air Force Cambridge Research

Labs., Electronics Research Directorate,
Bedford, Mass., April 1963, 21 p., 3 refs.,

(AFCRL-63-93), N63-16281.

• . . capable of transmitting the output of an

ultrastable oscillator of clock with an extremely

high degree of accuracy to a moving vehicle•

. . . Applications of the circuit include radio

navigation, guidance, and tracking, as well as

data transmission, telemetry, and possibly

communications involving earth satellites, moon

satellites, and interplanetary and other space
vehicles•

1.619: Measurements, Recording and Simulation of Time-Variant Communications Channels

Included: Computer programs to analyze communications channels•

Not Included: Measurement equipment for circuit testing; Simulation of traffic patterns in communi-

cations networks; Ionospheric sounding techniques in adaptive HF links (2); Propagation prediction

procedures and services•

Cross References: Mathematical models of propagation media (1.631); Experimental evaluation of

propagation media (1. 639); Experimental evaluation of line facilities (1. 659).

Principal Publications:

MEASURING THE MEAN SQUARE AMPLITUDE
OF FADING SIGNALS USING A SELECTED

QUANTILE OUTPUT DEVICE (SQUOD)

(Correspondence)
A. E. Adam, et al., Proc. IRE, vol. 48,

June 1960, p. 1172/1173.

AN EVALUATION OF AM DATA SYSTEM

PERFORMANCE BY COMPUTER

SIMULATION

R.A. Gibby, Bell Syst. Tech. J., vol. 39,

no. 3, May 1960, p. 675/704.

• . . suitable for programming on a high-

speed digital computer .... A data signal

composed of a train of raised-cosine shaped

pulses is generated in the simulating process.

. . . performance of a double-sideband AM

data system is evaluated . . .

DATA SYSTEM TESTS USING SIMULATED

TRANSMISSION IMPAIRMENTS

Fo T° Andrews, Jr., Commun. Electronics,

vol. 80, no. 58, Jan. 1962, p. 590/596.

Test instrumentation has been developed

for simulating the principal types of trans-

mission impairments that will be encountered

on voice-frequency telephone circuits. Such

impairments include delay and attenuation

distortion, frequency shift, phase and

amplitude hits, interfering tones, and noise.

This test equipment, together with conven-

tional random-data signal generators and

error comparators, makes possible the

evaluation of data systems with a wide range

of transmission characteristics ....
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3AMPROFF AUTOMATIC FREQUENCY
CONTROL. VOLUME IIo SIMULATOR

EQUIPMENT STUDIES

R. Bates, et al., Bendix Systems Div.,

Bendix Corp., Ann Arbor, Mich., Jan.

1962, lv., (Rept. no. BSR-546, vol. 2),

(ASD TR 61-661, vol. 2), AD 270 530.

• . . Constructed to augment analytical

studies of automatic frequency control systems

under noise, doppler and jamming conditions.

• . . Photographic recordings of the results

of 400 data runs using the simulator are
included.

TAKING INTO ACCOUNT THE INFLUENCE OF

THE COHERENTLY REFLECTED PORTION

OF A SIGNAL UPON ITS CORRELATION

CHARACTERISTICS

V. A. Chena, Foreign Tech, Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 4 Sept. 1962, 11 p., incl.

illus., 8 refs. (Trans. no. FTD-TT-62-1029

from Izvestiya Vysshikh Uchebykh Zavedeniy,
Fizika 4: p. 17/22, 1961), AD 286 571.

• . . The results obtained throw light upon

previous papers and can be of use in an

analysis of the relationship between the experi-

mentally obtained correlation functions and

the structure of the reflecting region of the

ionosphere.

THE VISUALIZATION OF FREQUENCY-

MODULATION TRANSIENTS BY MEANS OF

MECHANICAL MODELS

M.J. Golay, IRE Trans. Circuit Theory, vol.

CT-9, no. 1, March 1962, p. 78/82.

• . . It has long been known that electrical

circuits have equivalent mechanical circuits,
• . •

H-F PROPAGATION SIMULATION

R° Mather, et al., Rome Air Development

Center, Griffiss Air Force Base, N. Y.,

Nov. 1962, 21 p., incl. 6 refs. (Rept. no.

RADC TDR 62-473), AD 288 924.

. . . to be simulated on an analog computer

and compared with experimental data collected

over a 3800-km path. The experimental com-
plex consists of a transmitter site located in the

Panama Canal Zone and a receiver site at

Stockbridge, N. Y. Vertical ionospheric

sounders are located along the transmission path

and are used to measure the spatial distribution

of electron density in the volume of interest• A

method is described whereby this spatial dist-

ribution of electron density is programmed into

the analog computer in order that the Hamiltonian

equations describing ray paths may be solved.

In addition to producing frequency vs. time plots

for comparison with the experimental data, the

simulator also gives results not easily measured

in the field, such as take-off angle, angle of
arrival, group time, phase time, off-path

deviation, and height of reflection ....

LINK EVALUATION AND TAPE MERGING

COMPUTER PROGRAMS

B. M. Sifford, Stanford Research Inst., Menlo

Park, Calif., Final rept., Dec. 1962, 60 p.,

Rept. no. TR7., AD 434 833.

• . .Computer program designed to predict

the performance of communication networks

using HF, ionospheric scatter, and tropospheric

scatter propagation modes. The present

report outlines the models and procedures used

to write a computer routine to convert signal-

to-noise predictions into a teletype character
error rate for a channel and to estimate the

useable number of teletype channels the circuit

can support. The conversion considers such

circuit parameters as teletype speed, teletype
code, diversity reception, modulation and

detection techniques.

OUTPUTS FROM THE NETWORK ANALYSIS

COMPUTER PROGRAMS: A SUMMARY

REPORT

E. M. Young, et al., Stanford Research Inst.,

Menlo Park, Calif. Final technical rept. no.

3, Dee. 1962, 196 p., AD 434 834.

Several computer programs have been

produced that determine various properties

of communication systems• These properties
include both the performance of individual

transmission links and the performance of

an entire network . . . A fairly large

sample network is described that demonstrates

each of the programs ....

STATISTICAL INSTRUMENTATION STUDY

A. W. Crooke, et al., Litton Systems, Inc.,

Waltham, Mass., Final rept., 14 March

1963, 84 p., RADC TDR63 136, AD
405 925.

• . .a breadboard model . . . device will

calculate fourth (and lower) order joint and

conditional probability density functions and

distribution functions for signals with band-

width less than 10 Kcps . . .

VOICE-FREQUENCY TELEPHONE CIRCUIT
DESIGN BY SIMULATION

T. J. Talley, et al., Commun. Electronics,

vol. 81, no. 64, Jan. 1963, p. 564/568.

Many present-day voice-frequency

telephone circuits require two or more

electrically short links in tandem, minimum

capital investment, and less than a 2-week

completion interval .... A practical

design for a transmission-circuit simulator

to determine impedance, return loss, and

frequency-attenuation charaeterictic is
discussed ....

HF COMMUNICATION EFFECTS SIMULATION:

COMPARISON OF THE FORT MONMOUTH/

PALO ALTO CIRCUIT PERFORMANCE WITH

COMPUTER PREDICTIONS
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H. A. Turner, et al., Stanford Research Inst.,

Menlo Park, Calif., Interim technical rept.

4, Jan. 1964, 98 p., AD 434 579.

Observed and predicted HF propagation data

are compared. Observed data were taken by

oblique-incidence ionospheric sounders, the

Philips sounder (November 1961 and February

1962) and the Granger Associates sounder (1963),

• . . Predictions were taken from the HF

propagation prediction program written by
Stanford Research Institute for use on the IBM

7090 computer ....

DELAY IN DATA TRANSMISSION THROUGH

GENERAL NETWORKS

Lincoln Lab., Mass. Inst. of Tech., Lexington,

18 Dec. 1963, 54 p., Repto no. 65G7, ESD
TDR63 597, AD 427 258.

• . . The use of redundant links to reduce

delay was investigated by means of a computer

simulation program. The link behavior assumed

for this program is that obtained from measure-
ments of two HF RTTY links . . . Simulation

results . . °

Related Publications:

CORRELATION OF WAVES OF DIFFERENT

FREQUENCY AFTER PASSAGE THROUGH

A LAYER OF A STATISTICALLY INHOMO-

GENEOUS MEDIUM (In Russian)

M. F. Bakhareva, Radiotekhnika i Elektronika,
vol. 4, Jan. 1959, p. 88/96.

Correlation coefficients are obtained for the

amplitude and phase fluctuations of two waves of

different frequency traversing a medium with

large random inhomogeneities of refractive index.

A comparison is made with experimental data

obtained by frequency-scatter sounding of the

ionosphere ....

COMPUTER ANALYSIS OF LARGE COMMUNI-

CATION NETWORKS

E. M. Young, Conf. Proc. Nat. Winter Cony.,
Mil. Electronics, vol. 1, Feb. 1961,

p. 288/291.

• . • The criterion for evaluating a commun_-

cation network is to determine, in the case of

teletype, how fast and how accurately it passes

messages from the origin to the final destination,

or in the case of voice, how satisfactory in terms

of speed of service and audibility the connection

is between parties. This paper will deal only
with teletype networks . . . Parameters which

are optimized by the SRI computer programs

are operating frequency for every HF link in

the network and routes for message traffic to

maximize traffic handling capacity in the net-

work .... calculation of signal-to-noise

ratio for the individual links . . . optimum

frequency determination in the case of sky-

wave . . . calculation of optimum routing
of traffic within the network ....

AUTOMATED SOLUTION OF COMBINED

INTERFERENCE MATRICES

I. E. Perlin, et al., Georgia Inst. of Tech.,

Engineering Experiment Station, Atlanta,

Final rept., 15 Nov. 1961-15 Nov. 1962,

15 Nov. 1962, 178p., AD 299 248.

DESCRIPTORS: Communication systems

• . . Communications theory, Communication

equipment, Digital computers . . .

THE PRODUCTION OF RANDOMLY DIS-

TORTED AND DETERIORATED PAT-

TERNS

R. E. Manelis, Air Force Special Weapons

Center, Kirtland AFB, N. Mex., 11

April 1963, 23 p., AFSWC TDR63 44,

AD-405 587.

A set of computer subroutines which attempt

to simulate various degrees of distortion and

deterioration on an input character . . . A com-

plete set of the letters of the Cyrillic alphabet,

numerals, and some punctuation were quantized

and punched to be used as ideal input characters

to transforming subroutines.

SOME OBSERVATIONS ON MEASURABLE PROP-

ERTIES OF RANDOM PROCESSES AND

FIELDS. I

D. Middleton, Litton Systems, Inc., Waltham,

Mass., 16 March 1964, 54p., Rept. no.

TR63 4BF, AD 434 120.

A number of useful, measurable properties

of random processes and random fields are

defined and discussed, and it is shown how

these results may be applied to observations

necessarily finite in time and in space ....
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gection i.62

Distortions in Communications Channels

This section combines references which investigate the nature of distortions which transmission signals

suffer in communications channels• Emphasis is on distortions caused by the eharaeterictics of the trans-

mission medium rather than by the characteristics of the equipment, though many publications do not
discriminate between these two causes of distortions.

Distortions specifically caused by any one of the transmission media will also be discussed in publications

mentioned in section 1.63. Distortions, typical for particular wavebands, are referenced in section 1.64

and distortions in special classes of communications channels are referenced in the remaining sections of
this division.

The subdivisions of this section are arranged in a multi-dimensional way to do justice to the complex

problems of modulation distortions. The first two subdivisions deal with the analytical fundamentals of

describing and calculating distortions. The third and fourth subdivisions combine papers written with a

special modualtion method in mind. The remaining subdivisions are classified according to the nature of the
distortion.

This multi-dimensional layout calls for the particular attention of the reader when searching for very

specialized references.

1. 621: Fundamentals of Signal Distortions in Communications Channels

Included: Characteristics of time-invariant channels; Band pass characteristics of media; Fundamentals

of pulse transmission; Field descriptions of electromagnetic pulses; Network functions for describing
circuit distortions; Definition of linearity; Narrow-bandedness.

Not Included: Circuit theory; Filter theory; Theory of linear and nonlinear systems; Measurements of
distortions.

Cross References: Signal theory (Sect. 1.14); Signal theory of circuits and systems (1. 146); Transient

response of transmission channels (1.622); Evaluation of distortions in simulated channels (1.619);
Theory of multipath distortions in general (1. 612).

Principal Publications:

THEORETICAL FUNDAMENTALS OF PULSE

TRANSMISSION

E o D. Sunde, Bell Syst. Teeh. J., May 1954,

p. 729.

DEFINITION AND MESSUNG DER BANDBREITE

IN DER FUNKTECHNIK (Definition and

Measurement of Bandwidth in Radio Technique)

(In German)
U. Schrock, Naehrichtentech. Z (NTZ), vol. 12,

March 1959, p. 139/146

MODES IN LINEAR CIRCUITS AND LINEAR

SAMPLED DATA SYSTEMS

C. A. Desoer, Electronics Research Lab.,

U. of Calif., Berkeley, July 1959, AD
227 707.

A SIMPLIFIED METHOD FOR THE ANALYSIS

AND SYNTHESIS OF DISPERSED WAVE

TRAINS

J. N. Brune, et al., J. Geophys. Res., vol. 65,

no. 1, Jan. 1960, p. 287/304.

• . . In particular it is shown that (i) any

free oscillation of a linear circuit can be

thought of as a superposition of non-interacting

modes of oscillation ....

EFFECTS OF FREQUENCY CUTOFF

CHARACTERISTICS ON SPIKING AND

RINGING OF TV SIGNALS

A. D. Fowler, et al., IRE Trans. Commun.

Syst., vol. CS-7, no. 3, Sept. 1959,
p. 173/179.

The spiking and ringing of TV signals de-

pend upon amplitude and delay characteristics

associated with frequency cutoff of transmission.

The effects of a variety of cutoff characteristics

of both ideal and practical systems on rectangular

and sine-squared pulses are illustrated by com-

puted waveforms ....

NEW METHODS FOR ESTIMATING DISTORTION

IN MULTIPATH SIGNAL PROPAGATION

(Translation)

V° A. Smirnov, Telecommunications, no. 5, May

1961, p. 9/17.

Two energy methods for estimating multipath

signal distortion are presented. Both methods

are applicable to any form of signal modulation.

Hence the methods serve as a means of quan-

titative comparison of different communication

systems .... Analytical expressions are given

for the magnitude of the distortion for different

forms of signal modulation.

PULSE TRANSMISSION BY AM, FM AND PM IN
THE PRESENCE OF PHASE DISTORTION

E.D. Sunde, Bell Syst. Tech. J., vol. 40, no.

2, March 1961, p. 353/422.
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MINIMUM-PHASE SYSTEMS (In German)

G. Wunsch, Nachrichtentechnik, vol. 11, no. 3,

March 1961, p. 99/102.

A statement of basic princples leads to a

discussion of the question whether or not it is

possible for a loss of information to take place

in a linear network forming part of a communi-

cations system. It is shown that no loss of

information can take place if the network is of

minimum-phase type.

ASYMPTOTIC METHODS

RADIO ENGINEERING

D. Y. Bakman, Moscow,

1962, 246 p.,

IN LINEAR

(In Russian)

Soviet Radio Press,

The monograph deals with approximate

asymptotic methods for calculating the action

of complex signals upon linear and quasi-

linear elements in radio equipment. It

systematically presents and applies to radio-

engineering calculations a powerful and quite

rigorous mathematical apparatus that is

physically intuitive. The application of the

mathematical apparatus to concrete problems

of modern radio engineering permits the

author to solve several problems (calculation

of the spectrum of 40 oscillatory signals,

investigation of general methods for analyzing

transients in FM examination of the passage

of FM pulses through lumped-constant and

distributed-constant delay lines, etc.), that

have up until now been relatively unamenable

to mathematical analysis .... intended for

engineers...

THE DERIVATION OF NETWORK FUNCTIONS

FROM PHASE FUNCTIONS

S. Deutsch, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y., 6

March 1962, 14 p., illus., 12 refs.,

(Research rept. no. PIBMRI-1006-62)

(AFOSR-2406), AD 277 511.

Equations are developed for deriving a net-

work function F(s) given its phase function

T(w). Several numerical examples are

given. In each case, the recurrence of the

given T(w) function in F(jw) is a means of

checking the accuracy of the derived F(s)

function. The real part of log F(jw) yields

the log magnitude response, log M(w). The

examples indicate that the mathematical

operations of finding F(s) are relatively

simple...

PROPAGATION OF INFORMATION BEARING

SIGNALS THROUGtt SPACE

R. F. Leach, (IRE-NASA-AEC, Internat.

Symposium Space Phenomena Measurement,

Detroit, Mich., Oct. 15-18, 1962), IEEE
Trans. Nuclear Sci., vol NS-10, Jan. 1963,

p. 146/152, 11 refs., A63-1175S.

Analysis of the distortion of a band-pass in-

formation-bearing signal by a medium ....
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used to measure band-pass characteristics of- "

any medium.

DIE ZEIGERMETHODE. EIN ANSCHAULICHES

VERFAHREN ZUR BEHANDLUNG VON

VERZERRUNGEN DER KLEINHUB-FM MIT

ANWENDUN AUF FM-RICHTFUNK (The

Phasor Method. An Illustrative Method for

the Analysis of Distortions of Small Index FM

with Applications in Radio Relay Links) (In

German)

M. Muller,Arch. Elekt. Ubertragung, vol. 16,

no. 2, Feb. 1962, p. 93.

EXTRAPOLATION OF THE ELECTROMAG-

NETIC FIELD

J. S. Wicklund, Diamond Ordnance Fuze Labs.,

Wash., D. C., 2July 1962, 19p., 1 ref.,

(Rept. no. TR-1058), AD 278 676.

Given the shape of a pulse of electromagnetic
radiation at a known distance from the source,

an analytic expression is derived in the electric

dipole approximation that yields the shape of the

pulse at any other point .... The result is

useful as a check on machine computation and in

those cases where the use of an analog computer

is impractical.

ON THE EXTENDED DEFINITION OF LIN-

EARITY (Correspondence)
L. A. Zadeh, Proc. IRE, vol. 50, Feb. 1962,

p. 200/201.

Related Publications:

APPLICATION OF FOURIER TRANSFORMS TO

VARIABLE-FREQUENCY CIRCUIT ANA LYSIS

A. G. Clavier, Proc. IRE, vol. 37, Nov. 1949,

p. 1287/1290.

ENVELOPE AND ANGLE RESPONSE OF

ASYMMETRICAL NARROW-BAND NET-

WORKS

J.J. Hupert, IRE Trans. Circuit Theory,

vol. CT-6, no. 3, Sept. 1959, p. 292/295.

A SIMPLE GENERAL EQUATION FOR ATTEN-

UATION (Correspondence)

D. K. Gannett, et al.,Proc. IRE, vol. 48, June

1960, p. 1161/1162.

POSITIVE REAL FUNCTIONS OF SEVERAL

VARIABLES AND THEIR APPLICATIONS TO

VARIABLE NETWORKS

H. Ozaki, et al., IRE Trans. Circuit Theory,

vol. CT-7, no. 3, Sept. 1960, p. 251/260.

THEORY OF A FREQUENCY-SYNTIIESIZING

NETWORK

B. M. Wojeiechowski, Bell Syst. Teeh. J.,

vol. 39, no. 3, May 1960, p. 649/673.

The theoretical basis for designing frequency-

combining and selecting circuits is developed.

By the introduction of "sideband algebra" and of

a frequency symbolic network, the new method
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offersformaldesignproceduresinplaceof
intuitiveones.

AHIGHLYVERSATILECORRECTOROFDIS-
TORTIONANDIMPULSENOISE

E. D. Gibson,Proc.Nat.ElectronicsConf.,
vol. 17,Oct.1961,p. 543.
• . . Adeviceatthereceivingstationcor-

rectsbothamplitudeanddelaydistortion....
utilizesa "scrambler"(orpredistorter). . .
calledtheISIC(Inter-SymbolInterference
Corrector)andafixed,"smear"filter. The
descramblerconsistsofanotherISICanda
"desmear"filter.

TRANSMISSIONENGINEERINGBYCOM-
PUTERSIMULATION(Correspondence)

A. B. Ross,IRETrans.Commun.Syst.,vol.
CS-10,no.4, De,.1962,p. 457/459.
Relativelysimplemathematicalmethods

areavailableforcomputingthemaximumbit
ratesthatcanbetransmittedoverafew
idealizedtypesofdigitalcircuits. Actual
circuitsingeneralcanonlybeapproximated
bythesemodels.Foramoreexactmathe-
maticaldeterminationofthechanneldigital
capacity,it is necessarytocarryoutapoint
bypointcomputation.Aversatiledigital
computerprogramwhichdoesthishasbeen
preparedattheU.S.ArmyElectronics
Research&DevelopmentLaboratory(USAERDL)
atFortMonmouth,N.J....
THENETWORKDESCRIPTIONOFELECTRO-

MAGNETICFIELDPROBLEMS
A. Tonning,NorwegianDefenceResearch

Establishment,12Oct.1962,23p., TN4,
AFCRLRept.62967,AD411503.

It is shownthatabodyofarbitraryform,con-
sistingofelectromagneticmediathatarelinear
andtime-invariantmayberepresentedbyoneof
thewell-knownnetworkmatricesandthatthe
ordinarynetworkexpressionsforpowerdissi-
pationandmeanstoredenergyremainvalidin
thisgeneralcase...

ANOTEONSTABLE,PHYSICALLY
REALIZABLE,LINEAR,TIMEINVARIANT
SYSTEMS

N.Wax,RANDCorp.,SantaMonica,Calif.,
Oct.1962,20p., 12refs., N63-19054.

• . •severalnecessary,andafewsufficient
conditionsontheFouriertransformofh(t)are
summarized.Inparticular,thebehaviorofthe
transformfor complexfrequencies,theBode
relations,andthePaley-Wienercriterion,are
reviewed.

SIGNALDISTORTIONINNONLINEARFEED-
BACKSYSTEMS

I. W.Sandberg,BellSyst.Tech.J., vol.42,
no.6, Nov.1963,p. 2533/2550•

• . . playsacentralrolein thetheoryofsig-
naltransmissionthroughageneralphysicalsys-
temcontaininglineartime-invariantelements
andasingletime-variablenonlinearelement...

Asadirectapplication,weconsidertherange
ofvalidityoftwosimplecascadeflowgraphs
(i. e., flowgraphswithoutfeedbackloops)for
approximatelydeterminingthesignaldistortion
innonlinearfeedbacksystemswhenthedistor-
tionis small.Ourdiscussionisnotrestricted
tospecifictypesofnonlinearcharacteristics.

1.622:TransientResponseofTransmissionChannels
Included: Distortions for pulse transmission systems; Impulse response of channels; Time response of

channels; Pulse transfer functions.

Not Included: Transient synthesis of electrical networks; Television picture distortions•

Cross References: Pulse modulation methods (Div. 1.4); Signal theory of digital waveforms (1. 311);

Impulse response of physical channels (1. 651).

Principal Publications:

ON THE PROPERTIES OF THE IMPULSIVE

RESPONSE FUNCTION OF SYSTEMS WITH

VARIABLE PARAMETERS

V. Borskii, Automat. Remote Control, vol. 20,

July 1959, p. _22/830.

"SIGNAUX TYPES" ET REGIMES TRANSITORIES

EN TELEVISION ("Typical Signals" and Their

Transients in Television) (In French)

L. Bourassin, L'Onde Electrique, vol. 39, Jan.
1959, p. 7/31.

A COMPARISON OF THE TRANSIENT RE-

SPONSE OF AMPLITUDE-MODULATED

AND FREQUENCY-MODULATED SIGNALS

S. J. Cotton, Proc. Instn. Elect. Engrs., Pt.
C, vol. 106, March 1959, p. 91/96.

The paper is an analytical investigation of

the transient response of resistance-capac-

itance and resistance-inductance circuits,

filters and transmission lines to a frequency-

modulated voltage, using a unit-step function

as modulating signal. The transient response

is compared with that which is known to occur

when the voltage is amplitude modulated, using

the same modulating signal. The effects, on
the response, of the bandwidth of circuits sub-

sequent to the detector stage of a receiver

are compared for the two types of modulation.
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EFFECTSOFFREQUENCYCUTOFFCHAR-
ACTERISTICSONSPIKINGANDRINGING
OFTVSIGNALS

A. D. Fowler,etal., IRETrans.Commun.
Syst.,vol.CS-7,no.3, Sept.1959,
p. 173/179.

TRANSIENTCROSSMODULATIONINTHE
DETECTIONOFASYMMETRICSIDE-
BANDSIGNALS

T. Murakami,etal., RCARev•,vol.20,
no.3,Sept.1959,p. 455/472.

Adetailedanalyticalstudyoftransient
crossmodulationinthedetectionofmultiple-
signalasymmetric-sidebandsystemsis
presented.Varioussignalconditionsand
detectionmethodsareconsidered.The
transientcrosstalkinbothanidealizedsystem
andinapracticalsystemis determined.Cal-
culationsshowthatthepeakamplitudeofthe
transientcrossmodulationcanbemanytimes
aslargeasthesteady-statecrossmodulation•
It is shownthatproductor synchronous
detectorscaneliminatetheeffectsofcross
modulation.... if twosignalsarepresentat
thedetector,asuddenchangeinoneofthem
causesaspuriouschangeintheamplitudeand
phaseoftheother.Thistypeofdistortionwill
becalledtransientcrosstalkdistortiontodif-
ferentiateit fromthenormalcrosstalkbetween
twoormoresteadycarriers.Alatersection
showsthatthetransientcrosstalkdistortion
canbemanytimesthesteady-statecrosstalk.

FEATURESOFTHETRANSIENTSARISINGIN
A RESONANTCIRCUITINTHECASEOF
MODULATIONOFEITHERTHEPHASEOF
THEDRIVINGOSCILLATIONSORTHE
PARAMETERSOFTHECIRCUIT

A. S.Vinitskii,etal., RadioEngng.,vol.14,
no.7, 1959,p. 23/37.

NETWORKRESPONSETOTRANSIENT
FREQUENCYMODULATIONINPUTS

T. T. Bucher,Commun.andElectronics,no.
46,Jan.1960,p. 1017/1022.

PEREDACHAIMPUL'SOVPOKANALAM
SVYAZI(TransmissionofPulsesAlongCom-
municationsChannels)(InRussian)

G.V. Dobrovol'skiy,Moscow,Svyazizdat,1960,
216p.

• . . problemsin thefieldoftransientproc-
essesinelectriccircuits,particularlyin tele-
visiontransmissionbywire. Theauthor's
analysispermitsdeterminingpulsedistortion
dependentonthecharacteristicdistortionsin
frequencyresponse,attenuationandphasemost
oftenencounteredincommunicationschannels.
Inaddition,idealizedpulsesaswellasnear-
realpulsesarediscussed....

DISCUSSIONON"TRANSIENTRESPONSEOF
BAND-PASSFILTERSTOMODULATED
SIGNALS"

J.W.Head,etal., (communicated),D.Q. "

Mayne (in reply), Proc. Instn. Elect. Engrs.

Part C, vol. 107, no. 12, Sept. 1960,
p. 366/367.

SINE-SQUARED PULSES IN TELEVISION

SYSTEM ANALYSIS

R. Kennedy, RCA Rev., vol. 21, no. 2, June

1960, p. 253/265.

The development of sine-squared pulse testing

as it has occured in Europe is traced, followed

by a comparison of Heaviside step versus sine-

squared pulse spectra and their effect on a system

The methods of pulse generation are next

presented. The methods of testing various

portions of system bandwidths by use of shaped

bars, T, and 2T pulses are discussed• Rating

factors, time-series computations, envelope

delay, and linearity testing are also con-

sidered ....

OPTIMUM ESTIMATION OF IMPULSE
RESPONSE IN THE PRESENCE OF NOISE

M.J. Levin, IRE Trans. Circuit Theory,
vol. CT-7, no. l, March1960, p. 50/56,

15 refs.

• . . In the fields of communication and

control there sometimes arises the problem of

determining the characteristics of a time-in-

variant linear system from records of its input

and output during a limited interval of time.

• • • the postulate that random noise is super-

imposed upon the system output appears to

lead to estimates of practical value• This

paper considers only the estimation of impulse

response, and it should be noted that if the in-

terest is really in the frequency response or

transfer function of the system, then different

procedures are applicable.

A CONTRIBUTION TO THE TRANSIENT

CHARACTERISTICS OF A FREQUENCY
BANDPASS AMPLIFIER

Y. Mariwaki, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.,

23 Nov. 1960, (Research rept. no.

PIBMRI-835-60), AD 255 546.

Formulas which give the output waveforms

of multi-circuit amplifiers having an arbitrary

number of stages for an input consisting of

carrier frequency modulated by a unit step

function are derived. Many numerical results
which make clear the transient characteristics

of multi-stage amplifiers are presented.

IMPULtSNYYE REZHIMY V RADIOTEKHNI-

CHESKIKH TSEPYAKH (Pulse Opera-

tion in Radio Engineering Circuits)

( In Russian)

V• V• Nelepets, et al., Moscow, Oborongiz,

1960, 182 p.

• . . describes the physical processes in

pulse operation in various radio circuits ....

problems associated with conversion, genera-

tion and amplification of pulse signals...
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pTesented without the use of higher math-
ematics • • •

DISCUSSION ON 'OPTIMUM COMBINATION
OF PULSE SHAPE AND FILTER TO
PRODUCE A SIGNAL PEAK UPON A NOISE

BACKGROUND'
D. A• Bell, (communicated on), Proc. Instn.

Elect. Engrs•, pt. C, vol. 108, no. 14,
Sept. 1961, p. 531/532•

OPTIMIYM COMBINATION OF PULSE SHAPE
AND FILTER TO PRODUCE A SIGNAL
PEAK UPON A NOISE BACKGROUND

H. S. Heaps, Proc. Instn. Elect. Engrs. pt.
C., vol. 108, no. 13, March 1961, p.
153/158•

• . . It is supposed that the propagating me-
dium behaves as a linear filter and that the

noise background is independent of the signal•
• . . The results of the paper imply that for

the range of parameters considered it is advan-
tageous to transmit a succession of short pulses
of a determined form rather than a single

smooth pulse ....

PROPAGATION OF THE LOW-FREQUENCY
RADIO SIGNALS

J. R• Johler, Proe. IRE, vol. 50, no. 4,
April 1962, p. 404/427.

. . . propagation in the time domain is re-
viewed for linear amplitude systems ....
propagation of a ground wave pulse is consid-
ered in detail. A stretching in the form or
shape of the pulse is noted as a result of the fil-

tering action of the propagation medium. Theo-
retical transfer characteristics for the media

of propagation of LF signals are introduced and
methods of computation are considered ....

DUAL REQUIREMENTS FOR OPTIMIZING
ORTHONORMAL APPROXIMATIONS OF

IMPULSE RESPONSES (Correspondence)
G•W. Smith, Jr•, IRE Trans. Circuit

Theory, vol. CT-8, no. 4, Dee. 1961,
p• 486/487.
• . . It has been shown in recent literature

that the inverse Laplace transform of a transfer
function G(s) be approximated by a finite sum-
mation of orthonormal exponential functions
(Jacobi polynomials with exponential arguments).

ASYMPTOTIC METHODS IN LINEAR RADIO

ENGINEERING (In Russian)
D. Y. Bakman, Moscow, Soviet Radio Press,

1962, p. 246.

The monograph deals with approximate
asymptotic methods for calculating the action of
complex signals upon linear and quasilinear ele-
ments in radio equipment• It systematically
presents and applies to radio-engineering cal-
culations a powerful and quite rigorous math-

ematical apparatus that is physically intuitive•
The application of the mathematical apparatus to

concrete problems of modern radio engineering
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permits the author to solve several problems
(calculation of the spectrum of 40 oscillatory

signals, investigation of general methods for
analyzing transients in FM examination of the
passage of FM pulses through lumped-constant
and distributed-constant delay lines, etc. ), that

have up until now been relative unamenable to
methematical analysis .... intended for

engineers . . .

OPTIMIZATION OF PULSE TRANSMISSION

(Correspondence)
J• C. Hancock, et al•, Proc. IRE, vol. 50, no•

10, Oct• 1962, p. 2136.

• . • In the transmission of digital data it

is... of interest to design the signaling wave-
form to insure maximum energy at the output
per unit of input energy .... design of sig-

naling waveforms for linear systems which will
not only insure a time-limited output signal but
will also insure maximum energy transfer•

DER EINFLUSS VON SPEZIELLEN SENDE-
FUNKTIONEN UND UBERTRAGUNSFAKTO-
REN AUF DEN EINSCHWlNGVORGANG VON

FREQUENZ MODULIERTEN TELEGRAPH-
IEZEICHEN (The Influence of Special Input
Functions and Transmission Factors on the
Transient Response for Frequency Modu-

lated Telegraphy Signals) (In German)
H. Jurgens, Frequenz, vol. 15, no. 12, Dec.

1961, p. 377/386; vol. 16, no. 1, Jan. 1962,
p. 1/8.

EIN ENERGIEKRITERIUM ZUR BEWERTUNG
VON IMPULSFILTERN (An Energy Criterion
for the Evaluation of Pulse Filters) (In

German)
W. Postl, Arch• elekt• Uebertragung, vol. 16,

July 1962, p. 351/355.

• . . The scale of merit • . . us introduced

by O. Herrmann and W. Schussler, has turned
out to be a useful criterion for the adequate per-
formance of such devices in multi-channel data

transmission systems. It can be shown, how-

ever, that filters of a high degree are possibly
rated too favorably by this criterion. A crite-

rion that may be applied within a wider range,
being based on the energy distribution of a

single pulse in both the time and frequency
spaces, is defined in this paper ....

LINEARE IMPULSVERSTARKUNG

(Linear Pulse Amplifieation) (In German)
W. Rupprecht, Hamburg, R. V• Decker's

Verlag, 1962, p. 45.

Distortions . • . that in multi-stage ampli-
fiers will be indicated by means of test signals.

RECTANGULAR PULSE DISTORTION DUE TO
A NONLINEAR COMPLEX TRANSMISSION
PROPAGATION CONSTANT.

R. D. Wanselow, J. Franklin Inst., vol. 274,
no. 3, Sept. 1962, p. 178/184.
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A theoretical analysis of the waveform dis-

tortion of a rectangular r. fo pulse propagating

through a guided uniform microwave transmis-

sion medium is presented. A nonlinear com-

plex propagation constant as a function of fre-

quency is assumed where the attenuation and

phase constants are approximated by a quad-

ratic• By applying Fourier transformation, an

expression is clerived for the exit waveform as

a function of the propagation distance, attenua-

tion, dispersion and input pulse width ....

EXTRAPOLATION OF THE ELECTROMAG:-

NETIC FIELD

J• S. Wicklund, Diamond Ordnance Fuze Labs•,

Wash•, D. C. 2 July 1962, p. 19, 1 ref•,

(Rept. no. TR-1058), AD 278 676•

Given the shape of a pulse of electromagnetic

radiation at a known distance from the source,

an analytic expression is derived in the electric

dipole approximation that yields the shape of the

pulse at any other point .... The result is

useful as a check on machine computation and

in those cases where the use of an analog com-

puter is impractical.

APPROXIMATION TO A SPECIFIED TIME

RESPONSE

W.C. Yengst, IRE Trans. Circuit Theory,

vol. CT-9, no. 2, June 1962, p. 152/162.

• . . This paper presents a procedure by

which specified data or a function of time . . .

for which the Laplace transformations . . . are

known and can be expressed in rational fraction

form .... often.., the designer is faced

with the problem of translating the time response

specifications into a form that is amenable to

synthesis of a realizable network. Synthesis
procedures have been developed to solve the

realization provided the transfer function of the

network can be expressed as a rational fraction,

i. e., the ratio of polynomials in terms of the

complex frequency variables having real co-

efficients .... If the problem of obtaining the

Laplace transform for a prescribed impulse

response as the ratio of polynomials can be
solved, then it is possible to complete the reali-

zation of the network .... The purpose of this

paper is to present a procedure by which data,

given as a ffmction of time, can be transformed

directly to a rational fraction form while simul-

taneously providing a least-square approximation

to the function of time that minimizes the effect
of uncorrelated random noise.

TWO INEQUALITIES USEFUL IN TRANSIENT

ANALYSIS (Correspondence)

A. H. Zemanian, I>roc. IRE, vol. 50, no. 10,

Oct. 1962, p. 2140/2141.

ASSIGNING MEASUREMENTS TO TELEMETRY

CIIANNELS TO MEET ERROR SPECIFICA-

TIONS

W. F. Baxter, et al., Army Missile Command,

Ituntsville, Ala., Army Inertial Guidance and

°

Control Lab., July 22, 1963, p. 22, N63-
22456.

• . . intended to be an aid in determining the

telemetry channel to which a measurement should

be assigned to meet error specification. The

ramp responses of several telemetry filters are

determined, and the results are extended to cover

other filters and other functions.

SINTEZ DINAMICHESKIKH KHARAKTERISTIK

MNOGOKANAL'NYKH SISTEM (Synthesis of

the Dynamic Characteristics of Multi-Chan-

nel Systems) (In Russian)

I. B. Chelpanov, Akademiia Nauk SSSR,
Izvestiia, Tekhnicheskaia Kibernetika,

Nov. - Dec. 1963, p. 25/32, 8 refs.,
A64-14236.

Development of a method for the determina-

tion of transient impulse functions of filters in

a continuous multichannel system with noise

characteristics. The analysis is based on the

condition of minimum mean-square error at an

arbitrary moment of time, and assumes alter-

nating switching of the channels.

EFFECT OF AMPLITUDE-FREQUENCY
DISTORTION IN TELECOMMUNICATION

CHANNELS ON THE TRANSMISSION OF

PULSE SIGNALS (Translation)

G. P. Divnogortsev, et al. , Telecommun.

Radio Engineering. Part I - Telecommunica-

tions, Jan. 1963, p. 50/54, A63-21038.

Demonstration that the amplitude-frequency

distortion introduced by a communications chan-

nel degrades the waveform of the pulse signals

being transmitted. This degradation prevents

the full exploitation of the effect of applying

phase equalization. It is shown that in a tele-

communications channel provided with a phase

correction having an accuracy equal to the

length of a pulse (with more than five networks

in the phase equalizing circuit) and an amplitude

correction corresponding to 0. I neper, the

amplitude-frequency distortion has almost the

same effect as uncorrected phase distortion.

SIMPLE FILTERS FOR PULSE TRANSMISSION

OVER RADIO LINKS

P. Gibbons, Sigmals Research and Development

Establishment (Gt. Brit) March 1963, p. 20,
AD ,t09 497.

Five filters are studied to determine how

their proocctics affect the bandwidth and wave-

form of a trausmitted binary pulse train. These

are the sine squared, two gaussian types, a

modified gaussian, and a very narrow filter

with nearly rectangular amplitude response.

Computed and experimental results are pro-

duced to show that the modified or truncated

gaussian filter provide the best compromise

between bandwidth reduction and simplicity of
construction.

TRANSIT 'rIME EFFECTS IN PItASED
ARRAYS

238



1.622

I_:Gildersleeve,SyracuseU•ResearchInst.,
N. Y., GriffissAFB,N. Y., Techniques
Lab.,May1963,p• 121,3refs., (RADC-
TDR-63-67;N63-16554.
• . . asetofpulsesproducedatgivenpoints

inspaceasaresultofexcitinganarrayof49
elements,withhalf-wavespacing,bypulsesof
fivecyclesandless;thephaseoftheexcitation
wasvariedtocausethemainlobetoscan
through20degreesoffboresight....
GROUNDWAVEPROPAGATIONEFFECTSON

MICROSECONDPULSESAT141MCS
R.W.Heffner,IEEEInternat.Cony.Rec.

Pt. 8,vol. ii, March1963,p. 182/196.
• . . Atestprogramwasperformed. . .

usingmicrosecondpulsesofdifferentcarrier
frequencies.... onlylimitedinformation
wasapplicabletothespecialwidebandmultiple
pulsesystemrequirementsofRACEP....

ESTIMATIONOFA SYSTEMPULSETRANSFER
FUNCTIONINTHEPRESENCEOFNOISE

M.J. Levin,LincolnLab.,Mass.Inst.of
Tech.,Lexington,1963,p. 7, AD411832.

• . . Someadaptivecontrolsystemscarry
outmeasurementsofplantparametersduring
normaloperation.Incommunicationsystems
ananalogoussituationarisesin theutilization
oftime-varyingchannels(1).Oftentheapplication
ofaspecialtestsignalis undesirablesothe
informationmustbeobtainedfromordinaryin-
putoutputdata.Thepresenceofrandomnoise
andinstrumentationerrorscanrendermany
measurementsschemesineffective•Statistical
estimationtheoryprovidespowerfulmethodsfor
dealingwiththistypeofproblem.Someofthese
methodsareappliedtotheestimationofthe
pulsetransferfunctionofa linearsystem•
THEIDENTIFICATIONOFOVERDAMPED

PROCESSESINTHETIME-DOMAIN
J.M.Mendel,MicrowaveResearchInst.,

BrooklynPolytechnicInst., 19April
1963,p. 142,AD407687.
Theproblemofcharacterizingoverdamped

systems,fromdatain thetime-domain,by
meansofexponentialfunctionsis studied....
extensionoftheorthonormalexponentialapprox-
imationsofKautzandHugginstoapproximations
ofanyasymptotic-orderinthes-domain.

A NUMERICALMETHODFOR]'HETRANSIENT
RESPONSEOFNONLINEARSYSTEMS

G.J. O'Hara,etal., NavalResearchLab.,
Washington,D.C., 21June1963,p. 18,
NRL5917,AD414807.

• . . determiningtheresponseofnonlinear
systemsubjectedtotransientloads....
approximatingthenonlinearvariablesandthe
forcingfunctionsinthedifferentialequations
overashortintervaloftimebytheirmean
value,byastraightline,orbyaparabola•
Thisallowsfor Duhamelintegraltypesolutions
for thenonlinearterms....
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PULSEPROPAGATIONINTOWATER
H.J. Schmitt,CruftLab.,HarvardU.,

Cambridge,Mass.,18March1963
p. 16,TR405,AD408445.
Thetransmissionofshortunidirectional

planewavepulsesintowaterandsolutionsof
sodiumchloridehasbeeninvestigatedexper-
imentally. . . Thedispersionofthepulseis
mainlyduetotheionicconductanceofthesolu-
tion...

SKIN-EFFECTTHEORYFORTRANSIENT
RADIOWAVES

I. P. Verbin,(Radiotekhnikai Elektronika,
vol. 8,July1963,p. 1120/1129)
(InRussian),RadioEngng.Electronic
Phys.,vol.8, July1963,p. 1106/1114,
8refs, (Translation),A64-17512.

Related Publications:

GAUSSIAN-RESPONSE FILTER DESIGN

M. Dishal, Elect. Commun., vol. 36,

no. 1, 1959, p. 3/26.

Filters having a gaussian response shape

are useful in pulse systems because of the

small under - and overshoots or ringing they

produce following rapid signal changes• This

paper gives a resume of the magnitude, phase,

impulse response, step response, and effec-

tive thermal noise bandwidth of perfect gaus-

sian filters ....

THE PASSAGE OF PULSE SIGNALS THROUGH

AN AMPLIFIER WITH A LOW Q-FACTOR

G. V. Voishvillo, et al., Radio Engng:

TransL of Radiotekhnika, vol. 15, no. 10,

1960, p. 49/57.

THE PROPERTIES OF POLE AND ZERO

LOCATIONS FOR NONDECREASING

STEP RESPONSES

A. H. Zemanian, Commun. Electronics, vol.

79, no. 50, Sept. 1960, p. 421/426,
22 refs.

A form of response to a step input in a phy-

sical system is the nondecreasing type, which is

of interest to the circuit designer, especially

when an overshoot in the step response is ob-

jectionable. The purpose of this paper is to

discuss the properties of the pole and zero lo-

cations of rational system functions whose

step responses are of this form ....

THE RESPONSE OF A LOW-FREQUENCY

FILTER WITH TRAPEZOIDAL FREQUENCY

CHARACTERISTIC AND LINEAR PHASE

CHARACTERISTIC TO CERTAIN SIGNALS

K. I. Cherne, Radio Engng: Transl. of Radio-

tekhnika, vol. 16, no. 6, 1961, p. 12/21.

TRANSIENT RESPONSE OF NARROW-BAND

NETWORKS TO ANGLE-MODULATED

SIGNALS

J. J. Hupert, Proc. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 458/468.
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• . . Network response to a step in fre-

quency is first obtained in a convenient form;

next, the response to a function other than a

step is developed by the use of convolution in-

tegral with the answer represented as a sum

of quasistationary response and of transient

response if the network overshadows its

quasistationary response or is a sizeable

proportion of this response . . .

A METHOD TO REDUCE OVERSHOOT IN

FILTERS (Correspondence)

F.F. Kuo, IRE Trans. Circuit Theory, vol.

CT-9, no. 4, Dec. 1962, p. 413/414.

• . . method to reduce the overshoot and

ringing of a filter step response• The step
response of a tenth order Buttcrworth filter

is shown .... consider the second deriva-

tive of the step response .... If we add the

second derivative to the step response, we

will reduce the overshoot and ringing.

AN IMPULSE RESPONSE COMPARISON OF

WIDE BANDPASS AMPLIFIERS

S. G. Jones, IEEE Trans. Electromagnetic

Compatibility, vol. EMC-6, Jan. 1964,

p. 69/75, 15 refs, A64-15079.

Comparison of the impulse response

characteristics of six wide bandpass amplifiers.

Each amplifier was a cascade of six single-

tuned stages of maximally-flat amplitude,

synchronous-tuned or flat-delay types ....

TRANSIENTS IN RESONANT SYSTEMS WITH

PHASE-KEYED OSCILLATIONS (Translation)

V. V. Sokolov, et al., Telecommun. Radio

Engng., Part 1 - Telecommunications,

April 1963, p. 34/40, A64-12172.

1.623: Special Distortions Effecting Frequency Modulation Systems

Included: Nonlinear distortion of FM signals; Woodward's theorem on FM spectra; Multiple echo

distortion in FM systems; Tuned circuit distortions of FM signals; Distortion of FM signals in
transmission networks; Intermodulation distortion in FM systems; Distortions in angular modulation

systems.

Not Included: Interchannel interference in multiplex FM systems (2); Intermodulation distortion

in multichannel links (2).

Cross References: Fundamentals of frequency modulation (1. 232); Nonlinear distortions in

communications channels (1. 625); Linear FM spread spectrum signals (1. 316); Digital frequency

modulation systems (Sect. 1.33); Correlated noise due to distortions (1. 742); Analysis of multipath

and fading channels (1. 612).

Principal Publications:

EFFECTS OF TUNED CIRCUITS UPON A

FREQUENCY-MODULATED SIGNAL

H. Roder, Proc. IRE, vol. 25, Dec. 1937.

A THEORETICAL AND EXPERIMENTAL

INVESTIGATION OF TUNED CIRCUIT

DISTORTIONS IN FREQUENCY-MODULATION

SYSTEMS

D. T. Jaffe, Proc. IRE, vol. 33, May 1945,

p. 318/333.

FM DISTORTION CAUSED BY MULTIPATH

TRANSMISSION

M. S. Corrington, RCA Rev., vol. 6, 1946, p. 522.

THE TRANSMISSION OF A FREQUENCY-
MODULATED WAVE THROUGH A NETWORK

W. J. Frantz, Proc. IRE, vol. 34, March 1946,

p. l14P/125P.

NONLINEARITY IN FREQUENCY-MODULATION

RADIO SYSTEMS DUE TO MULTIPATH

PROPAGATION

S. T. Meyers, Proe. IRE, vol. 34, May 1946,

p. 256/265.

THE DISTORTION OF FREQUENCY-MODULATED
WAVES BY TRANSMISSION NETWORKS

A. S. Gladwin, Proc. IRE, vol. 35, Dec. 1947,

p. 1436/1445.

CONDITION FOR QUASI-STATIONARY RESPONSE

E. J. Bagdady, Quart. Prog. Rep., Res. Lab.
Elecs. MIT, Jan. 1958, p. 65/67.

Deduction of an upper bound on the error

incurred in analyzing the response of a linear

system to an FM excitation on a quasistationary

(or instantaneous-frequency basis).

ANALYSIS OF FM TRANSIENTS

E. J. Baghdady, et al., Quarterly Progress Report,
Res. Lab Elecs. MIT, April 1958, p. 36/45.

A. Careful study of the conditions for low-

distortion transmission of FM signals through

linear filters suggested that, for purposes

of quasistationary response, the most impor-

tant characteristic of a frequency modulation
is the maximum rate at which it tends to

sweep the frequency of the carrier.

E. J. Baghdady

B. Experimental Study of FM Transients•
D. D. Weiner

C. Dynamic Trap for the Capture of the

Weaker Signal. G. J. Rubissow

THEORY OF LOW-DISTORTION REPRODUC-

TION OF FM SIGNALS IN LINEAR

SYSTEMS

E.J. Baghdady, IRE Trans. Circuit Theory,

vol. CT-5, Sept. 1958, p. 202/214.
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THE RESPONSE OF A NETWORK TO A

FREQUENCY-MODULATED INPUT
VOLTAGE

J. W. Head, et al., Proc. Instn. Elect. Engrs.,

pt. C, vol. 105, Sept. 1958, p. 509/512.

ACTION D'UN SIGNAL MODULE EN

FREQUENCE SUR UN QUADRIPOLE

SELECTIF (Transient of an FM Signal in a

Selective Two Part Network) (In French

J. C. Simon, et al., Ann. Radioelect., vol. 13,

Jan. 1958, p. 18/29.

UBER DEN DURCH UNVOLLKOMMENE

BEGRENZUNG HERVORGERUFENEN

KLIRRFAKTOR BEI UKW-EMPFANGERN

FUR FREQUENZMODULATION (On the

Non-linear Distortions in UHF Frequency

Modulation Receivers Caused by Imperfect

Limiter Action) (In German)

E. G. Woschni, Hochfrequenztech. u.

ElektAkust, vol. 67, July 1958, p. 18/25.

DISTORTION OF ANGLE-MODULATED

SIGNALS IN MISALIGNED LINEAR

FILTERS

J. Galejs, IRE Trans. Commun. Syst., vol.

CS-8, no. 4, Dec. 1960, p. 228/232.

ESTABLISHING THE FREQUENCY AT THE
OUTPUT OF AN IDEAL NARROW BAND

FILTER WITH FREQUENCY-PHASE

MODULATION

L. I. Iaroslavskii, et al., Radio Engng: Transl. of
Radiotekhnika, vol. 15, no. 7, 1960, p. 72/83•

• . . study of transient processes, or, more

accurately, the establishment of the instantaneous

frequency and instantaneous amplitude at the out-

put of a narrow band system with a frequency-

phase modulated input signal . . . Purely

frequency and purely phase modulation are regarded

as special cases of frequency-phase modulation.

FUNDAMENTAL AND HARMONIC DISTORTION

OF WAVES FREQUENCY-MODULATED WITH
A SINGLE TONE

R. G. Medhurst, Proe. Instn. Elect. Engrs. Part

B, vol. 107, no. 32, March 1960, p. 155/164.

EXPLICIT FORM OF F. M. DISTORTION

PRODUCTS WITH WHITE-NOISE MODULATION

R. G. Medhurst, Proc. Instn. Elect. Engrs., Pt. C,

vol. 107, no. 11, March 1960, p. 120/126•

EXTENDED ANALYSIS FOR DISTORTION IN

FM MULTICHANNEL TRANSMISSIONS

C. A. Parry, et al., Proc. Nat. Commun. Symp.,

vol. 6, Oct. 1960, p. 183/197.

OPTIMUM PASSBAND OF A FILTER IN THE

RECEPTION OF FREQUENCY-MODULATED
SIGNALS WITH FOLLOW-UP TUNING

Y. G. Rodionov, Radio Engng: Transl. of

Radiotekhnika, vol. 15, no. 9, 1960, p. 63/73.

• . . from the point of view of ensuring

maximum interference resistance in reception and

the highest quality reproduction of the useful

signal ....

A COMPARISON OF FREQUENCY-SHIFT ANTI-

MULTIPATH SIGNALING TECHNIQUES FOR

DIGITAL COMMUNICATION SYSTEMS

W. B. Jones, Jr., IRE Trans. Commun. Syst.,

vol. CS-9, March 1961, p. 83/87.

ON ENERGY BAND, AND DISTORTION

PRODUCED BY ATTENUATION AND PHASE

CHARACTERISTICS, OF FREQUENCY-

DIVISION MULTIPLEXED F. M. SIGNALS

(In Japanese)

O. Shimbo, et al., J. Inst. Elect. Commun.

Engrs., vol• 44, no. 3, March 1961, p. 376/383.

The energy bandwidth function of a frequency-

multiplexed f• m. signal for various modulation

depths is derived by approximation methods, and

the function is then applied to determine the

distortion due to phase and amplitude characteris-

tics ....

ASYMPTOTOTIC METHOD IN LINEAR RADIO

ENGINEERING (In Russian)

D. Y. Bakman, Moscow, Soviet Radio Press,

1962, 246 p.

• . . investigation of general methods for

analyzing transients in FM; examination of the

passage of FM pulses through lumped-constant

and distributed-constant delay lines . . .

A GENERALIZATION OF WOODWARD'S

THEOREM ON FM SPECTRA

N. M. Blaehman, Inform. Control, vol. 5,

no. 1, March 1962, p. 55/63•

Woodward's theorem asserts that the power

spectral density of a slowly frequency-

modulated signal is given by the first-order

probability density of the modulation. It can
be extended to cover the case where there is

slow amplitude modulation as well--correlated
or uncorrelated and deterministic or random

--by weighting each frequency by the mean-

square amplitude associated with it. The

modulation can be regarded as slow if its

bandwidth is small compared to the frequency
excursion ....

THE VISUALIZATION OF FREQUENCY-

MODULATION TRANSIENTS BY MEANS

OF MECHANICAL MODELS

M.J. Golay, IRE Trans. Circuit Theory,
vol. CT-9, no. 1, March 1962, p. 78/82.

A PROPERTY OF LINEAR FREQUENCY

MODULATION (Correspondence)

A. J. Goldman, Proc, IRE, vol. 50, no. 7,

July 1962, p. 1711.

• . . A fact useful in connection with chirp

radars is that a linear FM signal of arbitrary

envelope, when passed through a suitable

network with linear delay characteristic, suffers
a reversal of the linear FM and a Fourier
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transformationofthefunctionalformofthe
envelope•It isshownherethatnootherFM
signalanddelaynetworkarerelatedinthis
way....

INTERMODULATIONNOISEIN LINEARF. M."
SYSTEMS

R. I. Magnusson,Proc.Instn.Elect•Engrs.,
PartC, vol. 109,no.15,March1962,p. 32/44•

THETHEORYANDDESIGNOFF. M.
RECEIVERS

D. Hess,MicrowaveResearchInst.,Poly-
technicInst.ofBrooklyn,N.Y., 11May
1962,p. 84,incl. illus., Researchrept.
no.PIBMRI-1026-62,AD282110.

ThespectrumofanF. M.wavemodulated
bygaussiannoiseis studied.... response
oflinearband-passnetworkstoanF. M.
signal•. . Thequasistaticresponseisa
modifiedversionofthesteadystateresponse.
Themodificationpermitsaverytightbound
tobeputontheerrortermandhenceleads
toverytightbandwidthspecificationsonF. M.
filters• SeveralnewandseveralexistingF. M.
demodulatorsarestudiedtoestablishdesign
criteriaforthedemodulators.Finallythe
abilityofaphase-locklooptodemodulatean
F. M. signalis studied....
TRANSMISSIONOFF. M. SIGNALSTHROUGH

LINEARFILTERS
D. T. Hess,Proc.Nat.ElectronicsConf.,

vol. 18,Oct.1962,p. 469/476.

• . . Inthispapertheresponseofa linear
filter toanF. M.signalisderived•Theresponse
is expressedasaclosedformfunctionofthe
instantaneousfrequencyoftheinputwaveplusan
errortermonwhichatightboundiskept....
TRANSIENTRESPONSEOFNARROW-BAND

NETWORKSTOANGLE-MODULATEDSIGNALS
J. J. Hupert,Proc.Nat.ElectronicsConf.,vol.

18,Oct.1962,p. 458/468.

• . . Narrow-bandapproximationappliesbut
asymmetricpolepatternis admissible.Network
responsetoastepin frequencyis first obtainedin
aconvenientform;next,theresponsetoafunction
otherthanastepis developedbytheuseofcon-
volutionintegralwiththeanswerrepresentedasa
sumofquasistationaryresponseandoftransient
responseofthenetworkovershadowsits quasi-
stationaryresponseor isasizeableproportion
ofthisresponse•. . Oncethenaturalmodesof
thenetworkareknown,multiple-tunedcircuits
maybeanalyzedwithoutmuchmorecomplication
thanasingle-tunedcircuit....

NONLINEARDISTORTIONSOFANFMSIGNAL
INA CttANNELWITHLIMITEDPASSBAND

L.M.Kononovich,RadioEngng:Transl.of
Radiotekhnika,vol. 17,no.7,July1962,
p. 32/37•
Onthebasisofspectrumanalysisstartingfrom

thegeneralformulasfortheshapeofanFM
outputsignal,computationalformulasaregiven
todeterminethenonlineardistortionofanFM
signalinachannelwitharectangularamplitude-
frequencyandalinearphase-frequencycharacteris-
tic....

Byapplyinga seriesofdetailedapproximations
totheRiceandBossetheoryoff. m. intermodula-
tionnoise,therecentformulaeofMedhurstand
Robertsforintermodulationnoise/signalratiosin
f. m.systemswithwhite-noisemodulationand
networksofpolynomialfrequencycharacteristics
areextendedin threerespects:(a)tothecal-
culationofthenoiseratioatanymodulation
frequency,(b)tonetworkrealandimaginary
characteristicsofeighthandseventhdegree,
respectively,and(c)tothecaseofpre-emphasis.
Thetheoryis illustratedbyapplicationtothecases
ofasignalwithC. C. I. R. pre-emphasispassing
astagger-tunedtriplewithoutandwithgroup-
delayequalization.

MULTIPLEECHODISTORTIONIN
FREQUENCY-MODULATION,FREQUENCY-
DIVISION,MULTIPLEXTRUNKRADIO
SYSTEMS

R. G.Medhurst,etal., IRETrans.Commun.
Syst.,vol.CS-10,no.1, March1962,
p. 61/71.

• . . concernedwithintermodulation distor-

tion in FM, FDM trunk radio systems due to a

number of echoes of differing amplitudes and

delay times. General formulas are developed,

and applied to the case of a 960-channel system
subjected to distortion due to echoes from

flanges in waveguide runs. Examples consid-
ered are i00- and 200-ft. runs of RG-50/U

waveguide, in 10-ft. sections, for use in the
6000 Mc band ....

DIE ZEIGERMETHODE. EIN ANSCHAULICHES

VERFAHREN ZUR BEHANDLUNG VON

VERZERRUNGEN DER KLEINHUB-FM

MIT ANWENDUN AUF FM-RICHTFUNK

(The Phasor Method• An Illustrative Method

for the Analysis of Distortions of Small

Index FM with Applications in Radio Relay

Links) (In German)

M. Muller, Arch. Elekt. Ubertragung, vol. 16,

no. 2, Feb. 1962, p. 93.

DISTORTION OF ANGLE-MODULATED

WAVES BY LINEAR NETWORKS

{Correspondence)

H.E. Rowe, IRE Trans. Circuit Theory, vol.

CT-9, no. 3, Sept. 1962, p. 286/290.

• . . In a recent paper (1) Baghdady

summarizes the series solutions of Carson and

Fry, Van der Pol, and Stumpers for the

response of a linear filter to an angle-modulated

wave. tte then presents bounds on the error

incurred by truncating these series expansions
• . . these bounds• . . are not correct in

general and their use can lead to serious error

in some cases• In the present paper we shall

give a few counter-examples, each of which
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violates one or more of the bounds.. •
Finally several errors in the analysis. • • will
be indicated briefly•

LA DISTORSION EN MODULATION DE

FREQUENCY (FIN) (Distortions in FM
Systems) (Last Part) (In French)

J. Schwob, Ann. Telecomm., voh 17, March/
April, 1962, p. 46/66., 27 refs°

INTERMODULATION NOISE IN FM TROPO-
SCATTER LINKS (Correspondence)

W. Sichak, et al., Proc. IRE, Vol. 50, no. 10,
Oct. 1962, p. 2113.

• . . approximate formula for the inter-
modulation noise produced by tropospheric
scattering ....

BINARY DATA TRANSMISSION BY FM OVER A

REAL CHANNEL
W. R. Bennett, et al., Bell Syst. Tech. J., vol.

42, no. 5, Sept. 1963, p. 2387/2426.

Formulas are derived for probability of error
in the detection of binary FM signals received from
a channel characterized by arbitrary amplitude-
and phase-vs-frequency distortion as well as
additive Gaussian noise• The results depend on

the signal sequence and can be presented in terms
of averages over all signal sequences or as bounds
for the most and least vulnerable ones. Illustrative

examples evaluated include Sunde's method of

suppressing intersymbol interference in band-
limited FM... It is found that a performance from

3 to 4 db poorer than that theoretically attainable
from binary PM is realizable over a variety of
filtering situations.

A COMMON ERROR IN FM DISTORTION

THEORY (Correspondence)
L. H. Enloe, et al., Proc. IEEE, vol. 51, no. 5,

May 1963, p. 846.

• . . exists in many published procedures for
computing the intermodulation distortion which

occurs when an angle modulated wave is passed
through a linear filter. The error consists in
using a first-order approximation to determine
the difference between the angles of the input and

output waves .... when attempting to determine
the second- and higher-order intermodulation
products which are of primary interest. For
instance, the error for a simple-tuned circuit is
10 db for the small distortion case ....

ON THE PREDICTION OF THE INHERENT
BANDWIDTH CAPABILITY OF THE
TROPOSPHERIC SCATTER LINK

C. A. Parry, IEEE Internat. Cony. Rec., Pt. 8,
vol. 11, March 1963, p. 215/232, 27 refs.

. . . It is pointed out that these bandwidth

definitions have little meaning when applied to FM
type transmissions since they do not indicate the
level of the intermodulation noise introduced into

the system by the multipath behaviour, and this
may be a significant factor in system performance.
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So far, no satisfactory procedure for the
evaluation of bandwidth in such terms has been

described, and both experimental and analytic data

are extremely limited ....

THE STATISTICAL DISTRIBUTION OF INTER-
MODULATION DISTORTION DUE TO THE
PROPAGATION MEDIUM IN THE FM
TROPOSPHERIC SCATTER SYSTEM

H. Prescott, Rec. Nat. Commun. Syrup., vol. 9,
Oct. 1963, p. 248/267, 20 refs.

During the past decade, tropospheric systems
have been installed on a world-wide basis ....

the expansion of existing systems and the maximum

utilization of new systems is being given

careful attention.., this paper is to present
a method for predicting the statistical distrib-
ution of intermodulation distortion due to the

propagation medium... An understanding of
the IN[ distortion due to the propagation
medium is needed in order to determine the
available bandwidth, and hence the number

of voice channels, teletype circuits and other
types of data devices that can be utilized ....

K TEORII PROKHOZHDENIIA SHIROPOLOS-

NYKH SIGNALOV V SISTEMAKH
NAZEMNOI KOSMICHESKOI SVIAZI

(Contribution to the Theory of Wide-Band
Signal Transmission in Ground-Based
Space Communications Systems) (In Russian)

A. ¥. Prosin, Radiotekhnika i Elektronika,

vol. 8, Nov. 1963, p. 1822/1833, A64-12029.

Theoretical investigation of distortions due
to dispersion that arise in the passage of FM
signals through a dispersing medium• Devel-

oped is a method for calculation cross noise
created by the dispersion-induced distortions
in multichannel multiplexed FM communications
systems based on the use of artificial Earth
satellites.

PARAMETER OPTIMIZATION OF AN FM/FM

MULTICHANNEL TELEMETRY SYSTEM

D. H. Sapp, RCA Rev., vol. 24, no. 3, Sept.
1963, p. 381/390.

• . . The various sources of distortion in

FM systems are discussed and graphs are
given to show typical saddle points by means
of which parameters can be selected to max-
imize the channel signal-to-noise rations ....

DISTORTION OF MULTITONE FM SIGNALS

DUE TO PHASE NONLINEARITY

P. D. Shaft, IEEE Trans. Space Electronics
Telemetry, vol. SET-9, no. 1, March
1963, p. 25/35.

An equation is developed for the distortion

of multitone FM signals caused by transmission
through a network with nonlinear phase char-
acteristics. A simplified form involving only
one term is also given and the conditions of its
applicability are discussed. The power spec-
trum of the distortion is derived for the case
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where the simpler form is valid. Thus, the

distortion-to-signal ratio in any frequency band

may be obtained. Applications are presented
where the results are used to determine

equipment linearity specifications and to
determine the distortion which results from

propagation through the ionosphere ....
Previous work has dealt with the harmonic

distortion of a sine wave and intermodulation

distortion of two sine waves• Here, the mod-
ulation will be an ensemble of sine waves which

is similar to a band of white noise. This is a

practical case because frequency-division

multiplex signals can often be represented in

this manner ....

ELECTRONIC EQUIPMENT INTERFERENCE
CHARACTERISTICS-COMMUNICATION TYPE

C. W. Stuckey, et al., Georgia Inst. of Tech.

Engineering Experiment Station, Atlanta,

Quarterly rept., no. 3, 15 Aug.-15 Nov. 1963,

15 Nov. 1963, p. 56, Rept. no. 24, AD 433 705.

The effects of multipath interference on the

intelligibility of speech transmitted over an FM

system employing time division multiplexing are
reported. Predicted intelligibility measurements

based on audio output S/N ratios indicate that

significant degradation in intelligibility will exist

for the FM/TDM system tested when multipath

signals of equal strength are received over paths

which differ in length by as little as 0.15 mile.

Related Publications:

INTERMODULATION DISTORTION IN MULTI:,

CHANNEL LINKS WITH FM IN USW SCATTER

PROPAGATION

A. V. Prosin, Radio Engng: Transl. of Radiotekh-
nika, vol. 15, no. 8, 1960, p. 1/17.

• . . intermodulation distortions. • • owing

to multi-path scatter propagation. • • Formulae

are produced for determining the power of

transient noise. The author establishes the

dependence of intermodulation distortions on

the length of the path, the beam-width of the

aerial, and a number of other factors ....

INTERCHANNEL INTERFERENCE IN FM

SYSTEMS PRODUCED BY CONTINUOUS

RANDOM MODE CONVERSION IN

CIRCULAR ELECTRIC WAVEGUIDE

L. H. Enloe, Bell Syst. Tech. J., vol. 42,

no. 6, Nov. 1963, p. 2765/2786.

AM TO PM CONVERSION IN TUNNEL

DIODE AMPLIFIERS (Correspondence)

R. M. Kurzrok, Proe. IEEE, vol. 51, no. 2,

Feb. 1963, p. 377/378.

• . . can be a source of distortion in

frequency-modulated systems ....

DISTORTION IN FREQUENCY-DIVISION-

MULTIPLEX F. M. SYSTEMS DUE TO

AN INTERFERING CARRIER

R. G. Medhurst, et al., Proc. Instn. Elect.

Engrs., Pt. B, vol. 105, May 1958, p. 282/292.

THEORETICAL ERROR PROBABILITIES FOR

FREQUENCY-SHIFTKEYED TELEGRAPH

SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B. B. Barrow, SHAPE Air Defense Technical

Center, The Hague (Netherlands), Sept. 1959,

p. 65, AD 226 924.

1. 624:

FREQUENCY-MODULATED SIGNALS AND
THEIR POWER SPECTRA

G. It. Nitta, Naval Ordnance Lab., Corona,

Calif., Feb. 1964, p. 139, NOLC TM74 208,

AD 436 407.

INTERMODULATION DISTORTION ON

TROPOSPHERIC SCATTER SYSTEMS

(C ORRESPONDENC E)

H. Prescott, Proe. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1244.

Special Distortions Effecting Amplitude Modulation and Other Modulation Systems.

Included: Distortions effecting random signal processes; Distortions in SSB systems; Distortions

due to asymmetrical sideband transmission.

Not Included: Distortions in vestigial sideband TV systems.

Cross References: Sig_aal representations (1. 142); Single sideband modulation methods (i. 223);

Vestigial sideband modulation methods (1.224); Vestigial sideband data transmission systems (1.324).

Princi_a_l Publications:

BEEINFLUSSUNG EINES NACItRICIITENBANDES

BEI AMPLITUDENMODULATION DURCII

UNSYMMETRISCIIE tlOCftFREQUENZ KIH_ IS l.]

(Influence of Unsymmetrical rf Circuits on AM

Signals) (In German)

R. ltofer, Entwicklungs-Bcrichte, vol. 21,

Dec. 1958, P. 288/300.

PHASE-COMPENSATION METIIODS OF SHAPING

A SINGLE-SIDEBAND SIGNAL (In Russian)

A. Semenov, et al., Radio, Moscow, June 1958,

p. 27/29.

PUI.SE PHASE-CHANGE SIGNALING IN THE

PRESENCE OF IONOSPIIERIC MULTIPATH

DISTORTION

S.G. Lutz, et al., IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 102/110.
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1. 624

CROSS MODULATION AND MODULATION DIS-

TORTION IN AM RECEIVERS EQUIPPED

WITH TRANSISTORS

Electronic Applic., vol. 20, no. 3, 1959-1960,

p. 107/128.

The causes of cross-modulation and modulation

distortion in transistorized am receivers are ex-

amined• Design consideration to reduce these
effects are indicated ....

ON THE PROBABILITY DENSITY OF THE OUT-

PUT OF A LOW-PASS SYSTEM WHEN THE

INPUT IS A MARKOV STEP PROCESS

W.M. Wonham, IRE Trans. Inform. Th.,

vol. IT-6, no. 5, Dec. 1960, p. 539/544.

• . . As examples, the joint probability den-

sities of input and output are found for a sym-

metric three-level signal smoothed by an RC low-

pass filter, and partial results are obtained for

a doubly integrated Rice telegraph signal.

THE PROBABILITY DISTRIBUTIONS OF THE

OUTPUTS OF FIRST-ORDER AND TUNED

SECOND-ORDER FILTERS WITH COIN-TOSS

SQUARE WAVE INPUTS

A.R. Cohen, IRE Trans. Circuit Theory, vol.

CT-9, no. 4, Dec. 1962, p. 371/377, AD 407 272.

• . . The input is a binary process in which

axis crossings can occur only on a set of equally

spaced sample points . . .

RECOVERY OF INFORMATION TRANSFERRED

INTO PHASE MODULATION IN IONOSPHERIC

WAVE PATHS

Mario Mancianti, et al., Pisa U. (Italy) Final

rept., 1 Feb• 1961-31 Jan. 1962, Feb. 1962, 37 p.

incl. illus., 11 refs. (AFCRL62-547), AD 282 960.

• . . information.., originally impressed

onto a signal as amplitude modulation, has been

changed to phase modulation by travelling

through the ionosphere . . . at least partial re-

covery . . . by means of a double homodyne

detector was studied . . .

RECTANGULAR PULSE DISTORTION DUE TO

A NONLINEAR COMPLEX TRANSMISSION

PROPAGATION CONSTANT

R.D. Wanselow, J. Franklin Inst., vol. 274,

no. 3, Sept. 1962, p. 178/184.

A theoretical analysis of the waveform dis-

tortion of a rectangular r.f. pulse propagating

through a guided uniform microwave transmis-

sion medium is presented• A nonlinear com-

plex propagation constant as a function of

frequency is assumed where the attenuation and

phase constants are approximated by a quad-

ratic. By applying Fourier transformation, an

expression is derived for the exit waveform as

a function of the propagation distance, attenua-

tion, dispersion and input pulse width ....

BETTER SUPERHETS FOR SIDEBAND RECEP-

TION

W. Bruene, et al., Electronics, vol. 36,

May 10, 1963, p. 39/45, A63-16926.
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• . . single-sideband (SSB) receivers for im-

proving HF communications .... sensitivity

• . . the noise factor . . , blocking and cross

modulation• .. RF amplifier• . . mixing . . .

IF amplifiers . . . automatic gain control
• . . sideband selection . . . SSB demodula-

tions ....

DISTORTION OF SINGLE SIDEBAND TRANS-

MISSION DUE TO AM/PM CONVERSION IN

TRAVELING WAVE AMPLIFIERS

R.G. Medhurst, et al., General Electric Co.,

Ltd. (Gt. Brit.) 13 June 1963, Iv., Rept.

no. 14374C, AD 417 949.

Intermodulation distortion of a single-sideband,

amplitude modulated signal will be generated by

am/pm conversion effects present in amplifiers

(such as traveling wave tubes) as well as by out-

put/input non-linearity. When the s. s.b.a.m.

signal is carrying multi-channel telephony this

can be an important source of distortion. A

formula is developed relating intermodulation
distortion to am/pm conversion level . . .

Related Publications:

A MARKOFF ENVELOPE PROCESS

J.N. Pierce, IRE Trans. Inform. Th.,
vol. IT-4, no. 4, Dec. 1958, p. 163/166.

It is shown that the envelope of a narrow-
band Gaussian noise constitutes a first-order

Markoff process if the power spectrum of the

noise is the same as would be obtained from

a singly tuned RLC filter with white noise at

the input.

EFFECTS OF FREQUENCY CUTOFF CHAR-

ACTERISTICS ON SPIKING AND RINGING

OF TV SIGNALS

A.D. Fowler, et al., IRE Trans. Commun.

Syst., vol. CS-7, no. 3, Sept. 1959,

p. 173/179.

The spiking and ringing of TV signals depend

upon amplitude and delay characteristics as-

sociated with frequency cutoff of transmission.

The effects of a variety of cutoff characteristics

of both ideal and practical systems on rectangular

and sine-squared pulses are illustrated by com-

puted waveforms ....

THE PROBABILITY DENSITY OF THE OUTPUT

OF AN RC FILTER WHEN THE INPUT IS A

BINARY RANDOM PROCESS

J.A. McFadden, IRE Trans. Inform. Th.,

vol. IT-5, Dec. 1959, p. 174/178.

NOISE IMMUNITY OF AMPLITUDE-KEYED

SIGNALS IN THE PRESENCE OF FADING

M.F. Bakhareva, et al., (Radiotekhnika i

Elektronika, vol. 8, April 1963, p. 539/

545, In Russian) Radio Engng. Electronic

Phys., vol. 8, April 1963, p. 585-590, 5 refs.,

Translation, A64-15211.
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1. 625: Nonlinear Distortions in Communications Channels

Included: Intermodulation distortions; Harmonic distortions; Distortions due to propagation in non-

linear media; Amplitude distortions; Cross modulation due to nonlinear characteristics; Nonlinear

distortions in companding devices; Distortions in limiters.

Principal Publications:

NONLINEARITY IN FREQUENCY-MODULATION

RADIO SYSTEMS DUE TO MULTIPATH

PROPAGATION

S.T. Meyers, I>roc. IRE, vol. 34, May 1946,
p. 256/265.

EIN BEITRAG ZUM ADDITIONSGESETZ:

KLIRRSPANNUNGEM IN WEITVERKEHRS-

SYSTEMEN MIT AMPLITUDENMODULATION

(A Contribution to the Superposition Law:

Non-Linear Distortion Products in Long Dis-

tance Circuits with AM) (In German)

H. Zuhrt, Nachrichtentech. Z. (NTZ), vol. 11,

Aug. 1958, p• 424/428.

INTERMODULATION DISTORTION AND EF-

FICIENCY ANALYSIS OF MULTICARRIER

REPEATERS

F. Assadourian, IRE Trans• Commun. Syst•,

vol. CS-8, no. 1, March 1960, p. 68/71.

Not Included: Nonlinear amplifiers; Logarithmic amplifiers; Nonlinearities in receiving equipment;

Fundamentals of compandors (2); Nonlinear distortions in detection circuits; Design of limiter

circuits; Intermodulation distortion in multiplex systems (2).

Cross References: Correlated noise due to interchannel interference (1. 742); Nonlinearities in plasma

interaction media (1. 635); Echo distortions in FM systems (1. 623).

V•H• F. SOUND BROADCASTING, SUBJECTIVE

APPRAISAL OF DISTORTION DUE TO MULTI-

PATH PROPAGATION IN FM RECEPTION

R. V• tIarvey, Proc. Instn. Elect. Engrs.,

Part B, vol• 107, no. 35, Sept. 1960, p• 412/

422.

CROSSTALK DUE TO FINITE LIMITING OF

FREQUENCY-MULTIPLEXED SIGNALS

C.R. Calm, I>roe. IRE, vol• 48, no• 1, Jan.

1960, p• 53/59.

EFFECTS OF NONLINEARITY ON PROPAGATION

IN IONIZED MEDIA

G.I. Cohn, Commun. and Electronics, no. 46,

Jan• 1960, p• 942/949•

INTERMODULATION ON AMPLITUDE-
MODULATED MULTI-CHANNEL LINE LINKS

J.C. Davis, et al., Proc• Instn. Elect. Engrs.

Part C, vol. 107, no. 12, Sept. 1960, p. 342/

352, 13 refs.

• . . a method for estimating the total inter-

modulation noise power falling into any channel
in the transmission band of an a.m. multi-channel

line system with many repeater sections in tandem•
These sections may be composed of widely varying

lengths of cable imperfectly equalized by non-

identical amplifiers whose in-band feedback, output

load impedance and output network response

all vary with frequency ....

COMPANDOR EFFECTS ON DATA SIGNALS

E• Enriques, Proc• Nat. Electronics Conf.,

vol• 16, Oct. 1960, p. 220.

Abstract only.

AN INTERSYMBOL ADJUSTMENT METHOD OF

DISTORTION COMPENSATION

E• D. Gibson, Conf. Proc• Nat• Conv. Mil.
Electronics, vol. 5, June 1961, p. 196/207.

This paper describes a device capable of

simultaneously compensating for both amplitude

and delay distortion. Within wide limits, any

amplitude-versus-frequency curve and any dif-

ferential-delay-versus-frequency curve can be

obtained simultaneously from this device, called

the ISIC (Intersymbol Interference Corrector) is

well suited for use as an equalizer of digital or

analog transmission systems, a highly adjustable

filter, or a laboratory instrument. The ISIC is

continuously and easily adjustable, stable and
reliable ....

OPTIMIZATION OF SOME NOISY NONLINEAR

SYSTEMS

R. O• Harger, Institute of Science and Tech., U.

of Michigan, Ann Arbor, Oct. 1961, 82 p.

(Rept• 2900-290-T), AD 265 554.

The presence of noisy nonlinearities in the

transmission of signals in a system whose func-

tion is either signal recovery (estimation) or

signal detection is considered• The system is

composed of a nonlinear operator followed in-

separably by an additive stochastic noise source

and interspersed between two linear time-invariant

filters. For the estimation function, two types of

signal are considered: a sinusoidal signal of

random phase; and a more general stochastic

signal of second-order stationarity . • . The

postfilter gain is determined by matched-filter

theory, and it is shown that prefilter gain should
be infinite.

EVALUATION OF THE COMBINATIONAL FRE-

QUENCY LEVEL AND OF THE PERMISSIBLE

LEVEL FLUCTUATION OF CODED REMOTE

CONTROL FREQUENCY SIGNALS DURING

TItEIR SIMUTANEOUS TRANSMISSION

V.L. Inosov, et al., (Avtomat i Telemel_.,

In Russian, vol. 23, no. 2, Feb. 1962, p. 214/

221), Automat. Remote Control, English trans-

lation, vol. 23, no. 2, July 1962, p. 191/198.
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• Investigates analytically the method of

estimating the amplitudes of combinational com-
ponents from the form of the oscillation envelope
of two frequencies alter these frequencies have
passed through a nonlinear element• Also in-
vestigates the method of determining the permis-
sible level of fluctuation for the remote control

signal frequencies as a function of the changes in
communication channel attenuation.

CROSS MODULATION IN RESONANCE TRANS-
ISTOR AMPLIFIERS

M. Ye. Movshovich, Radio Engng: Transl. of
Radiotekhnika, vol. 17, no. 5, May 1962,
p. 71/78.

• . . in the present paper, only the funda-
mental relationships between the cross-modula-
tion coefficient.., and interference are de-

termined, by an analysis of the simplest
theoretical models of transistors; subsequently,
the correctness of these relationships and their
values for real transistors are evaluated ex-

perimentally. All the investigations are carried
out for the case when there is no impedance in
the common electrode circuit of the transistor

that may cause feedback at the signal frequencies
and no products arise due to nonlinearity of the
input loop ....

MODULATION, INTERMODULATION,
BALANCED MODULATORS FOR COLOUR

TELEVISION (In French)
J. Tasso, Onde Electr., vol. 42, no. 429,

Dec. 1962, p• 992/1013.

• . . defining as precisely as possible inter-
modulation and modulation.., account of the

principal methods of calculation which can be

used for the study of intermodulators . . .

PROGRAM TO COMPUTE INTERMODULATION
PRODU C TS

D. Wlggert, et al., Lincoln Lab., Mass. Inst.
of Tech. Lexington, Nov. 16, 1962, 18 p.,
N63-21725.

• . . written in the SHARE 709 system (SOS)
for the IBM 7090 computer to calculate all inter-

modulation products up to and including sixth
order for any number of input frequencies and
bandwidths consistent with core storage limita-

tions. Interfering products are written out using
OUTRAN as they are calculated and detected.

HARMONIC DISTORTION ANALYSIS IN HIGH-

FREQUENCY TRANSISTOR AMPLIFIERS

F. H. Zander, Arizona State U., Tempe, 1962,
47 p., AD 405 141.

. . . extensions to J.G. Linville's two-port
harmonic distortion analysis. A more effective

use of two-port network theory is developed in
order that "building-block" techniques be
applied to Linville's method .... facilitates

the design of feedback circuitry.
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PASSAGE OF SIGNALS THROUGH A NONLINEAR
FOUR-TERMINAL NETWORK

O. Ye. Antonov, et al., Radio Engng: Transl• of
Radiotekhnika, vol. 18, no. 11, Nov. 1963,
pc 11/18.

The problem of determining the structure of a
signal at the output of a zero-delay four-pole net-
work with a nonlinear univalued characteristic is

considered. By representing the characteristic

of the nonlinear four-terminal network by an ex-
ponential Fourier series . . .

A METHOD FOR PREDICTING INTERCHANNEL
MODULATION DUE TO MULTIPATH PROPA-
GATION IN FM AND PM TROPOSPHERIC
RADIO SYSTEMS

C.D. Beach, et al., Bell Syst. Tech. J., vol. 42,
no. 1, Jan. 1963, p. 1/36.

• . . interchannel modulation due to multipath
propagation on angle-modulated tropospheric
scatter radio systems. Values of signal-to-
intermodulation ratio, S/I, are calculated for
various pairs of signal reflections in the

troposphere, taking into account the base band-
width and frequency deviation of the system,
the antenna patterns, the path geometry, and
climatic conditions during the "worst month" of
propagation. The lowest value of S/I (worst
intermodulation) computed for such pairs of signal

reflections is then corrected empirically to ac-
count for multiple reflections. The result
represents the median value of S/I expected during
the worst month of transmission on a specified

path ....

WAVE PROPAGATION IN NONLINEAR ELECTRO-
MAGNETIC MEDIA

N. Bloembergen, Prec. IEEE, vol. 51, no. 1,
Jan. 1963, p. 124/131.

• . . tutorial review...

INTERCHANNEL INTERFERENCE IN FM SYS-
TEMS PRODUCED BY CONTINUOUS RANDOM
MODE CONVERSION IN CIRCULAR ELECTRIC

WAVEGUIDE

L.H. Enloe, Bell Syst. Teeh. J., vol. 42,
no. 6, Nov. 1963, p. 2765/2786.

ANALYSIS OF SIGNAL INTERFERENCE

GENERATED WITHIN A LIMITER

R.L. Greenspan, et al., Mitre Corp., Bedford,
Mass., Aug. 1963, 12 p., Rept° no. W5369,
ESD TDR63 257, AD 415 188.

• . . modeled as an ideal clipper cascaded with
a bandpass filter. The nonlinear clipper character-
is analyzed as a linear sum of sinusoids in order
to determine signal modulation frequencies
generated within the clipper and which pass
through the filter. The representation leads to
evaluation of modulation component amplitudes

as sums of Bessel Functions, or equivalently, as
integrals of Bessel Functions. The cases of a
single narrowband input, and two interfering
sinusoids, are considered in detail ....

literature concerning signal-to-noise ratio cal-
culations in systems using a limiter . . .
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A GENERAL METHOD OF MEASURING THE

NONLINEARITY OF PULSED DEVICES

(Translation)

I• F. Ivanov, et al., Telecommun. Radio Engng.,

Part II-Radio Engineering, vol. 18, Feb.

1963, p. 51/60, A63-20644.

• . . three different nonlinearity criteria of

the nonlinearity of typical amplitude characteristics

tabulated . . . they can be used with the com-

parison method suggested previously by Ivanov.

MOP-UP EQUALIZER FOR AMPLITUDE AND
DELAY DISTORTION IN IF BAND FOR 6GC

1800 CHANNEL SYSTEM

T. Kawahashi, et al., IEEE Internat. Cony.
Rec., Pt. 8, vol. 11, March 1963, p. 163/176.

• . . To accomplish high capacity radio trans-

mission, that is, a multi-channel radio relay

system capable of carrying 1800 telephone chan-

nels .... it has become necessary to equalize

the 3rd and 4th order distortion components of the

amplitude-frequency response in the IF stage,

not to speak about the residual delay distortion in
the FM transmission path.

In order to meet the said requirement . . .

we have developed two types of the IF mop-up

equalizer: one is the amplitude equalizer . . .

and the other is the delay equalizer . . .

When operated as part of the IF stage of the

existing Tokyo - Osaka 6GC-1200 channel system,

these equalizers have proved to be effective

enough to convert the existing system into a 1800

channel system conforming to the CCIR Recom-
mendation...

ON THE MEASUREMENT AND INTERPRETA-

TION OF NON-LINEARITY IN A TELEVISION

SYSTEM

J.B. Potter, J. Brit. Instu. Radio Engrs.,

vol. 26, no. 2, Aug. 1963, p. 141/147.

A mathematical description of a general non-

linear system is used to illustrate the scope of

presently defined non-linearity measurements

and to indicate how these may be extended ....

THE STATISTICAL DISTRIBUTION OF INTER-

MODULATION DISTORTION DUE TO THE

PROPAGATION MEDIUM IN THE FM

TROPOSPItERIC SCATTER SYSTEM

H. Prescott, Rec. Nat. Commun. Syrup.,

vol. 9, Oct. 1963, p. 248/267, 20 refs.

During the past decade, tropospheric systems
have been installed on a world-wide basis ....

the expansion of existing systems and the maxi-

mum utilization of new systems is being given

careful attention . . . this paper is to present a

method for predicting the statistical distribution

of intermdoulation distortion due to the propaga-

tion medium . . . An understanding of the IM

distortion due to the propagation medium is needed

in order to determine the available bandwidth, and

hence the number of voice channels, teletype

circuits and other types of data devices that can
be utilized ....
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SIGNAL DISTORTION IN NONLINEAR FEEDBACI_

SYSTEMS

I.W. Sandberg, Bell Syst. Tech. J., vo'l. 42,

no. 6, Nov. 1963, p. 2533/2550.

. . . plays a central role in the theory of

signal transmission through a general physical

system containing linear time-invariant elements

and a single time-variable nonlinear element. • •

As a direct application, we consider the range

of validity of two simple cascade flow graphs

(i. e., flow graphs without feedback loops) for

approximately determining the signal distortion in

nonlinear feedback systems when the distortion is
small. Our discussion is not restricted to specific

types of nonlinear characteristics•

INTERMODULATION DISTORTION IN GaAs

INFRARED EMITTERS (Correspondence)

L.M. Vallese, et al., Proc. IEEE, vol. 51,

no. 9, Sept. 1963, p. 1252.

Related Publications:

THE FOURTH PRODUCT MOMENT OF

INFINITELY CLIPPED NOISE

J.A. McFadden, IRE Trans. Inform. Th.,

vol. IT-4, no. 4, Dec. 1958, p. 159/162•

ECHO-DISTORTION IN FREQUENCY-

MODULATION FREQUENCY-DIVISION-

MULTIPLEX TRUNK RADIO SYSTEMS

R.G. Medhurst, Electronic Radio Engr.,

vol. 36, July 1959, p. 253/259.

The level of intermodulation distortion

generated in f. m., f.d.m, trunk radio system

by a small echo depends on the echo amplitude

and delay, on the phase relation between the

wanted carrier and the echo carrier, and on the

parameters of the modulation; i.e., the maximum

and minimum modulating frequencies, the r. m. s.

deviation and the base-band spectral distribution.

Numerical evaluation for the important case of top

channel distortion has been c arried out on a Hol-

lerith Hec. 2M digital computer . . .

CROSS MODULATION AND MODULATION DIS-

TORTION IN A.M. RECEIVERS EQUIPPED

WITH TRANSISTORS

Electronic Applic., vol. 20, no. 3, 1959-1960,

p. 107/128.

The causes of cross-modulation and modula-

tion distortion in transistorized a.m. receivers

are examined. Design consideration to reduce
these effects are indicated ....

EXPLICIT FORM OF FM DISTORTION

PRODUCTS WITH WHITE-NOISE MODULA-

TION

R.G. Medhurst, Proc. Instn. Elect. Engrs.,

Part C, vol. 107, no. 11, March 1960,

p. 120/126•

PSEUDO-RECTIFICATION AND DETECTION BY

SIMPLE BILATERAL NONLINEAR RESISTORS

J.E. Bridges, Proc. IRE, vol. 49, Feb. 1961,

p. 469/478.
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• . . . Ordinarycarbonresistors. . • andtoa
moremarkeddegree,certainsymmetricalor
bilateralnonlinearresistorscontainingnouni-
lateralelements,can,whenapulse-typeacwave-
formis impresseduponthem,performarectifica-
tionprocess;thisprocessmaybeconsidered
solelyasacircuiteffect. Fourbasicac-to-dc
convertingcircuits,someofwhicharelargely
independentoftemperature,andwhichemploy
symmetricalnonlinearresistors,areanalyzed.

BANDWIDTHLIMITINGEFFECTSOF
FREQUENCYSELECTIVEFADINGOVER
TROSPHERICSCATTERPATHS

P.D.Shaft,MicrowaveResearchInst., Polytech-
nicInst.ofBrooklyn,N.Y., Master'sthesis,
12Dec.1961,105p•, incl. illus, tables,
28refs. (Researchrept.no.PIBMRI-976-61),
AD281967.

A setof design curves of intermodulation dis-

tortion due to frequency selective fading . . .

A NOTE ON POWER-LAW DEVICES AND THEIR

EFFECT ON SIGNAL-TO-NOISE RATIO

C.N. Berglund, Queen's U., Belfast (Gt. Brit. ),

Aug. 1962, 21 p., incl. illus., 5 refs., AD
291 427.

• . . used as either band-pass non-linear

amplifiers or enveloped detectors.., determined

for both limiting cases of very large and very

small input signal-to-noise ratios .... The

results are general . . •

EFFECTS OF PHASE-MODULATION ERRORS ON

PULSE COMPRESSION SIGNALS

C•E. Cook, IRE Internat. Cony. Rec., Pt. 4,

vol. 10, March 1962, p. 174/184.

• . . Paired-echo theory has been used to
describe the effects of network and time-function

distortions (both amplitude, and phase) of pulsed

signals. The advent of coded-waveform tech-

niques (e. g., pulse compression) that generate

waveforms having sidelobes extending in time

has led to the application of paired echo theory

in the establishment of design criteria for

modern radar techniques. This paper introduces

somewhat more general conditions into the paired

echo analysis as a basis for conducting experi-

mental work on the effects of phase-error modula-

tion of the time signal in a pulse compression
system ....

LINEARITY AND INTERMODULATION IN HIGH-

POWER TUNED AMPLIFIERS (Correspondence)

R.C. Cumming, IRE Trans. Commun. Syst.,
vol. CS-10, no. 2, June 1962, p. 219/220•

PROBABILITY DISTRIBUTION AT THE OUT-

PUT OF A LOGARITHMIC RECEIVER

S. Gelston, Microwave Research Inst., Poly-

technic Inst. of Brooklyn, N.Y., 4 Oct.

1962, 102 p., (Research rept. no. PIBMRI-

1087-62), AD 298 294.
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DAS NICHTLINEARE VERHALTEN VON TRANS-

ISTOREN BEI GRORER AUSSTEUERUNG

(The Non-Linear Behavior of Transitors for

Large Signals) (In German)

W. Hilberg, Arch. Elekt. Uebertragnng,

vol. 16, Nov. 1962, p. 553/564.

An exact mathematical treatment of the non-

linearity problem under large signal conditions

appears very difficult and above all unwieldy.

On the other hand approximate calculations such

as those of Sparkes and Beaufoy, which start from
a change control of the transistor present the con-

trolling conditions in the transistor only within
such broad lines that no information can be

gathered as to the details of the dynamic proces-
ses and the nonlinear behavior of the transistor.

• . . The present paper attempts to show a simple

approach for discussing by calculation in an ap-
proximate and clear fashion transient phenomena

and the nonlinear behavior which makes itself

strongly felt under large signal conditions• This

is effected with the aid of the given function of

the current amplification and a constant effective
lifetime ....

TRANSMISSION OF MULTI- LEVEL DIGITAL

SIGNALS THROUGH NOISE-FREE DISTORT-

ING CHANNELS

L.W. Hill, l>roc. Instn. Elect• Engrs., London

(Part B), vol. 109, no. 44, March 1962,
p. 165/173.

• . . The case of a channel with an exponentially
decaying impulse characteristic, for which the

maximum rate is independent of the number of

levels, is of special interest as a large class of
passive linear networks has this characteristic at

least asymptotically ....

DEPENDENCY OF CROSSTALK ON UPPER AND

LOWER CUTOFF FREQUENCIES IN PAM

TIME-MULTIPLEXED TRANSMISSION PATHS

H.M. Straube, IRE Trans. Commun. Syst.,

vol. CS-10, no. 3, Sept. 1962, p. 263/276.

INVESTIGATION OF MODULATIONS ARISING

FROM INTERACTION OF ELECTRO-

MAGNETIC WAVES WITH A PLASMA

S. Tetenbaum, et al., General Telephone and

Electronics Labs., Inc., Palo Alto, Calif.,

Rept. for 30 March 1961-31 Oct. 1962, 15

Nov. 62, 118 p., (RADC TDR 62-613),
AD 297 479.

INPUT AND OUTPUT IMPENDANCE CONCEPTS

IN NONLINEAR AM DETECTORS

B.G. Whitford, National Research Council of

Canada, Aug. 1962, 34 p., (Rept. no. ERB-

617, AD 299 012.

A VARIABLE GAMMA AMPLIFIER

(Correspondence)

P. Kundu, et al., Proc. IEEE, vol. 51, no. 5,

May 1963, p. 867/868.

• . . non-linear device which yields an output

varying directly or inversely as the nth power

or root of an input signal, where n may be an in-

teger or a fraction ....
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ONTHEEVALUATIONOFSPURIOUSRESPONSE
LEVELS(Correspondence)

F. McManus,Proc. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1264.

A classical problem in the design and analysis

of receiving systems is the calculation of spuri-

ous response levels attributable to intermodula-

tion (IM) products generated in the mixer. The

traditional approach to this problem has been to "

represent the mixer characteristic by a power

series and laboriously compute the IM products.

The increasing use of nonlinear devices in ad-

vanced radar and communications systems has

motivated a search for different approaches to this

problem. One approach that has been found useful
is described ....
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Principal Publications:

PHASE-COMPENSATION METHODS OF

SHAPING A SINGLE-SIDEBAND SIGNAL

A. Semenov, et al., Radio. Moscow, June

1958, p. 27/29.

ASSESSING DELAY DISTORTION EFFECTS

IN DATA SYSTEMS

A. D. Fowler, et al., Commun. Electronics,

Jan. 1959, p. 918/923, Elect. Engng., vol.

78, Nov. 1959, p. 1085.

• . . Phase characteristics of a system,

which can generally be neglected in voice

transmission, become important in pulse

systems, because the shape of a pulse is

influenced greatly by the relative phase of the

spectrum components. A quantity frequency
used to describe this influence is enveloped

delay distortion .... object of this article

is to illustrate a method for assessing the

effects of delay distortion on data-trans-

mission systems, based on experimental

tests ....

ECHO-DISTORTION IN FREQUENCY

MODULATION (Correspondence)
R. Hamer, Electronic Radio Engr., vol.

36, Sept. 1959, p. 353.
VLF PHASE CIIARACTERISTICS DEDUCED

FROM ATMOSPHERIC WAVE FORMS

A. G. Jean, et al., IRE-URSI Joint Meeting -

Oct. 19-21, 1959, San Diego, Calif.

PHASE INTERCEPT DISTORTION IN

FREQUENCY, PHASE, PULSE AMPLITUDE,
AND PULSE TIME MODULATION SYSTEMS

C. May, etal., Dunham Lab., Yale U.,

Quarterly Progress Report No. 7 for the

period ending 4 Sept. 1959, 26 p., AD 226 643.
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The effects of a phase intercept angle upon

the information that is conveyed by frequency,

phase, pulse amplitude, and pulse time modu-

lation systems are considered.

FLUCTUATIONS OF PHASE-FRONTS IN THE

PROPAGATION OF TEN-CENTIMETRE
RADIO-WAVES OVER THE SEA-SURFACE

(In Russian)
A. V. Men', et al., Dokl. Akad. Nauk, SSSR,

vol. 125, no. 5, April 1959, p. 1019/1022.

MEASUREMENTS OF PHASE STABILITY

OVER A LOW-LEVEL TROPOSPHERIC

PATH

M. C. Thompson, Jr., et al., J. Res. Nat.
Bur. Stand., vol• 63D, July-Aug. 1959,

p. 45/51.

WAVE PROPAGATION AND GROUP VELOCITY

L. Brillouin, New York, Academic Press, 1960,

154 p.

MEASUREMENTS OF CHANGES IN TttE PtlASE

PATH OF HADIO WAVES REFLECTED FROM

THE [ONOSPItERE AT NORMAL INCIDENCE

R. W. McNicol, etal., Austral• J. Phys.,

vol. 13, no. 2, June 1960, p. 120/131.

Fixed-frequency measurements were made at

Brisbane, using pulse transmissions, of the

changes in phase of radio waves received after

reflection at normal incidence from the various

ionospheric layers ....

TilE PASSAGE OF ItIGH-FREQUENCY PULSES
TtlROUGIt LINEAR SYSTEMS WITH DELAY

FEEDBACKS

A. I. Nedeshev, Radio Engng: Transl. of
Radiotekhnika, vol. 15, no. 5, 1960,

p. 36/40.
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A study is made of the variation in the high-

frequency content of a rectangular pulse during

circulation through a closed system containing

an off-tune amplifier with a delay feedback• The

dependence of the variation in the frequency con-

tent on the initial de-tuning and transmission

band of the system is elucidated ....

EXPERIMENTAL RELATIONS BETWEEN

IONOSPHERIC TRUE HEIGHT, GROUP

HEIGHT, AND PHASE HEIGHT

J. A. Thomas, et al., Austral• J. Phys.,

vol. 13, no. 2, June 1960, p. 132/138.

• . . Temporal changes in these computed

values agreed well with experimentally

measured changes of phase path both in the

case of regular diurnal variations and during

an eclipse ....

MAINTAINING FIXED PHASE DIFFERENCES

BETWEEN MICROWAVE SIGNALS GENER-

ATED AT REMOTE SITES

S. B. Boor, et al., IRE Internat. Conv. Rec.,

vol. 1, March 1961, p. 123/134.

A relatively simple solution has been

developed using closed-loop compensation of

transmission medium irregularities to

maintain fixed phase relationships between
remote sites.

RECOVERY OF INFORMATION TRANS-

FERRED INTO PHASE MODULATION

IN IONOSPHERIC WAVE PATHS

M. Mancianti, et al., Pisa U., Italy, Final

rept., Feb. 1962, 37 p. incl. illus•, 11

refs., AFCRL 62-547, AD 282 960.

• . . information• . . originally impressed

onto a signal as amplitude modulation, has been

changed to phase modulation by travelling

through the ionosphere . . . at least partial

recovery . . . by means of a double homodyne

detector was studied...

PULSE TRANSMISSION BY AM, FM AND PM

IN THE PRESENCE OF PHASE DISTORTION

E. D. Sunde, Bell Syst• Tech. J., vol. 40,

no. 2, March 1961, p. 353/422.

PHASE DISTORTION IN HIGH FREQUENCY
TRANSISTOR AMPLIFIERS

T. A. Seliga, Ionosphere Research Lab.,

Pennsylvania State U., University Park,

1 Dec. 1961, 77 p. (Scientific rept. no.

153), AD 268 328.

• . . resulting from the application of

automatic gain control .... Verification of

the theory is made by comparing calculated

and measured phase shifts in single amplifiers

and a receiving system. The problems of

choosing the most suitable type of automatic

gain control system, and transistor, based

on a minimum phase distortion criteria are
also considered•
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DELAY VARIATIONS IN TELEMETRY

FILTERS

K. L. Berns, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 3, Sept. 1962,

p. 199/204.

• . . significance of filter delay characteris-

tics in telemetry applications . . . methods of

delay measurement . . . experimental results

• . . Recommendations... regarding filter

specifications .... Although the study and

investigations were conducted with FM/FM

telemetry subcarrier discriminators, the results

can also be applied to other filter networks such

as those used in telemetry transmitting systems.

RAPID PROCESSES IN THE IONOSPHERE

N• D. Bulatov, et al., Radio Engng: Transl. of

Radiotekhnika, vol. 17, no. 12, Dee. 1962,

p. 25/30.

. . • The rate of phase change in radio waves

reflected from the ionosphere, caused by

fluctuations in the height of the reflecting layers,

is determined• Quantitative data on the phase

shifts are obtained ....

EFFECTS OF PHASE-MODULATION ERRORS

ON PULSE COMPRESSION SIGNALS

C.E. Cook, IRE Internat. Cony. Rec., Pt. 4,

vol. 10, no. 9, March 1962, p. 174/184.

• . . Paired-echo theory has been used to

describe the effects of network and time-function

distortions (both amplitude, and phase) of pulsed

signals. The advent of coded-waveform tech-

niques (e.g., pulse compression) that generate

waveforms having sidelobes extending in time

has led to the application of paired echo theory

in the establishment of design criteria for

modern radar techniques• This paper introduces

somewhat more general conditions into the paired

echo analysis as a basis for conducting experi-

mental work on the effects of phase-error

modulation of the time signal in a pulse compres-

sion system ....

A TECHNIQUE FOR EQUALIZING PARABOLIC

GROUP DELAY (Correspondence)

R. M. Kurzrok, Proc. IRE, vol. 50, no. 8,

Aug. 1962, p. 1840.

DIVERSITY RECEPTION AND AUTOMATIC

PHASE CORRECTION

L. Lewin, Proc. Instn. Elect. Engrs., Part B,

vol• 109, no. 46, July 1962, p. 295/304.

MULTIPLE ECHO DISTORTION IN FREQUENCY-

MODULATION, FREQUENCY-DIVISION,

MULTIPLEX TRUNK RADIO SYSTEMS

R, G, Medhurst, et al., IRE Trans. Commun.

Syst., vol. CS-1O, no. 1, March 1962,

p. 61/71.

• . • due to a number of echoes of differing

amplitudes and delay times. General formulas

are developed . . . Examples considered are

100- and 200-ft. runs of RG-50/U waveguide, in

10-ft. sections, for use in the 6000 Mc band.
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DIGITALTRANSMISSIONINMEDIAOF
VARIABLETIMEDELAY

E. M.Bradburd,etal., Conf.Proc.Nat.Conv.
Mil. Electronics,vol.7, Sept.1963,
p. 438/442.

• . . requiressuitabletechniquesfor bit
synchronization,bit identificationandtime
divisionmultiplexing•Increasingrefinements
in thesetechniquesareneededintheprogres-
sionfromnetworksoftwonodesconnectedby
asinglelinktoanumberofnodesjoinedby
tandemlinksandthencetonetworksofhigher
connectivity•Theadditionoflinkencryption
andmultiplexingofinformationimposeseven
moresevereconstraints.... thethreekey
termsin thisanalysis•. .
THENORMALPHASEVARIATIONSOFTHE

18KC/SSIGNALSFROMNBAOBSERVED
ATBOULDER,COLORADO,U. S.A.

A. H. Brady,etal., CentralRadioPropagation
Lab.,NationalBureauofStandards,Boulder,
Colo.,10April1964,27p., NBSCRPL
TN2063,AD435848.

• . . givenintheformofmonthlyaverages
andstandarddeviationsatfiveminuteintervals.
Therelationsbetweenthediurnalphase
variationsandthediurnalvariationin the
lengthofsunlitpathareshown.... Values
oftheshorttermphasedifferencesarealso
given.
ONTHELONGTERMPHASESTABILITYOF

THE19.8KC/SSIGNALTRANSMITTED
FROMHAWAII,ANDRECEIVEDAT
BOULDER,COLORADO

A. H.Brady,CentralRadioPropagation
Lab.,NationalBureauofStandards,Boulder,
Colo.,31Oct.1963,7p., Rept.no.
P68D3343,AD435897.

TheuseofVLFsignalsforintereontinential
frequencycomparisonisnowpopular,andit
wasshownthataprecisionofabout2partsin
10tothellth canbeachievedwithmeasure-
mentsovera24-hrperiod.Phaserecordsmade
atBoulder,Colo.,oftheNPM,Hawaii,18.6
kc/stransmission..,ofnearlytwoweeks
durationin1962.... showanattainable
precisionof2.5partsin 10tothellth ina
24-hrobservation,extendingto3.1partsin
10tothe12thina192hrobservation....

ARBITRARYDELAYEQUALIZATIONUTILIZING
DIGITALCOMPUTERIBM704

L. S.Cheo,ElectronicsResearchLab.,U. of
Calif,Berkeley,5July1960,43p., Rept.
no.106,AD418407.

PHASEVARIATIONSINV.L.F. PROPAGATION
C.J. Chilton,etal., InAGARDPropagationof

RadioWavesat FrequenciesBelow300kc/s,
1964,p. 257/290,refs,(SeeN64-19676)
PergamonPressandMacMillianCo.,
N64-19695.
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Theexperimentalworkdescribingthevari-
ationinphaseofVLFsignalsreceivedafter
ionosphericreflectionsatsmallandlargedis-
tancesisreviewed•. . Atalldistances,reg-
ularsystematicvariationsinphaseoccurwhen
thepathchangesfromdaytonight•. .
SOMEPARTICULAROBSERVATIONSON

DIURNALPHASEVARIATIONSOFVLF
TRANSMISSIONSRECEIVEDINPARIS

B. Deeaux,etal., (Symposiumonthe
IonosphericPropagationofVLFRadioWaves,
Boulder,Colo.,Aug.12-14,1963,Paper
68D1-312),JournalofResearch,Section
D- RadioScience,vol.68D,Jan.1964,p.
21/25,7refs.,A64-14686.
ExaminationofobservedVLFtransmission

variationsduringparticulargeographicsituations
andionosphericphenomena•It is notedthata
quickphasechangehasbeenobservedatsun-
rise, remainingnearlyconstantduringtheday,
andchangingagainmoreslowlyatsunset. . .
amplitudealsovariesslightlywiththeseasons•

REAL-TIMEMEASUREMENTANDCORRECTION
OFPHASEDISTORTIONINHIGH-FIDELITY
RADARS

J. DeLorenzo,etal., IEEEIntern•Cony.Rec.,
Pt. 8,vol. 11,March1963,p. 96/103•

• . . Phasedistortioncausesvariationsinthe
radaruncertaintyfunction,that,inmanycases,
degradetheresolutioncapabilityofthesystem•
Thispaperbrieflydescribesthecharacteristics
ofthecommonformsofdistortioninpractical
systemsanddealswiththeanalyticaland
experimentalresultsofphasemeasurements
usingamultiplier-typephase-errordetector•
Therelationshipofthisdevicetoactivecor-
relatorsanduncertaintyfunctionplotterswillbe
described•A discussionof real-timecorrection
ofphasedistortionwithexperimentalresultsalso
is included....

THEINFLUENCEOFRANDOMPHASEERRORS
ONTHEANGULARRESOLUTIONOF
SYNTHETICAPERTURERADARSYSTEMS

J°A. Develet,Jr., AerospaceCorp.,Los
Angeles,Calif., 20June1963,40p. Rept.
no.TDR169325043TN4,AD408761.

THEEFFECTSOFTIMEDELAYANDECHOES
ONTELEPHONECONVERSATIONS

J. W.Emling,etal., BellSyst.Tech.J., vol.
42,no.6, Nov.1963,p. 2869/2891.

• . . briefhistory... Actualdelaysinvolved
intypicalcircuits•. . discussionoftheeffectsof
delayonlyontypicalconversations..,sourcesof
echo. . .measures. . . toreduceechoby
improvingreturnloss.., introductiontoecho
suppressorsandsomeofthenewproblemsthey
introduce•
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TIME-VARYING CHANNELS WITH DELAY

SPREAD

P. E. Green, Jr., IN: RADIO WAVES AND

CIRCUITS; Proceedings of Commission

VI on Radio Waves and Circuits during the

XIIRh General Assembly of URSI, London,

Sept. 1960, Edited by Samuel Silver, New

York, Elsevier Publishing Co., 1963, p.

208/224; Discussion, p. 225/226, 21 refs.,

A64-10835.

• . . results on two topics, (1) the char-

acterization of time-varying linear communi-

cation channels (or radar targets) having a

spread of propagation delays, (2) the design

of optimum receivers for detecting or

distinguishing between signals propagated by

such media. It has proved useful to model the

channel as a tapped delay line in which each

individual tap output undergoes a random time

variation before being added to the other tap

outputs to form the channel output ....

particular emphasis on Price's formulation

of a class of receivers that are optimum at

small input signal-to-noise ratios.

AN EXPERIMENTAL STUDY OF THE PHASE

STABILITY OF VLF SIGNALS

D. E. Hampton, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14, 1963, Paper 68D1-311),

Journal of Research, Section D - Radio

Science, vol. 68D, Jan. 1964, p. 19/20,
A64-14685.

Examination of diurnal phase variation

records. Phase and amplitude of VLF signals

have been shown to be stable from day to day.

For distances exceeding 4000 kin, phase dif-

ference is linearly dependent on distance. In

cases of paths part in light and part in dark, a

"step" is assumed in the ionosphere height at

the dawn and dusk points, and phase velocity

is discontinuous across these points ....

A RELATIONSHIP BETWEEN IMPULSE

RESPONSE OVERSHOOT AND PHASE

RIPPLE (Correspondence)

D. S. Humphreys, IEEE Trans. Circuit Theory,

vol. CT-10, no. 3, Sept. 1963, p. 450/452.

THEORY OF TIIE MEASUREMENT OF REL-

ATIVE DELAY BETWEEN TWO SAMPLES

OF AN UNKNOWN SIGNAL

P. W. James, Royal Aircraft Establichment

(Gt. Brit.), March 1963, 22 p., RAE TN

no. Rad 834, AD 410 362.

• . . It will be supposed that we are re-

ceiving a signal from a source simultaneously

through two similar channels. Each channel

imposes a time delay on the signal. We wish
to measure the difference between these two

delays• . . reception of the signal from a
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radio transmitter at two spaced receivers.
Formulae are obtained for the mean and standard

deviation of the measured delay, both in the

absence of and in the presence of additive noise.

It is shown how the probable error is related to

the statistical properties of the signal and the
noise.

CORRELATION OF THE PHASE OF MICRO-

WAVE SIGNALS ON THE SAME LINE-OF-

SIGHT PATH AT DIFFERENT FREQUENCIES

H. B. Janes, IEEE Trans. Antennas Propagation,

vol. AP-11, Nov. 1963, p. 716/717,
A64-11819.

• . . experiments conducted to measure the

relative phase and amplitude variations of two

microwave signals sent over the same line-of-

sight path at slightly different frequencies.

Diagrams showing phase variations and phase

difference variations of 9.4 and 9.2 Gc signals
are included•

A FUNCTIONAL ANALYSIS RELATING DELAY

VARIATION AND INTERSYMBOL INTER-

FERENCE IN DATA TRANSMISSION

R. W. Lucky, Bell Syst. Tech., vol. 42, no. 5,

Sept. 1963, p. 2427/2483.

A relationship is derived between the delay

characteristic in a data transmission system
and the distortion in the form of intersymbol

interference created by the delay variation• The

relationship is valid for small delay and involves

a sequence of linear functionals, each of which

has a particular significance ....

METODA FAZOVYKA IZMERENII IZMERENE

V SLUCHAE NEKOGERENTNYKA

SIGNALOV (Investigation of the Phase Method

in Application to Incoherent Signals) (In

Russian)

V. I. Medvedev, Moskovskii Universitet, Vestnik,

Seriia III- Fizika, Astronomiia, Nov.-Dec.

1963, p. 77/84, 15 refs., A64-15470•

• . . a stroboscopic method for measuring the

change in phase difference of signals stable with

respect to frequency and of appreciable frequency

separation ....

AUTOCORRELATION CHARACTERISTICS OF

PHASE-DIFFERENCE FLUCTUATIONS

(Translation)

A. V. Men', Telecommun. Radio Engineering,

Part II - Radio Engineering, vol. 18, Feb.

1963, p. 26/35, 16 refs., A63-20641.

• . . which occur in the propagation of waves

in a turbulent medium. Using a phenomenological

description of the medium by means of a cor-

relation function of Gaussian form, the autocor-

relation coefficients for various paths are deter-

mined by taking into account the effect of trans-
port both of "frozen" and "unfrozen" turbulence.
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SPECTRAL CHARACTERISTICS OF PHASE-

DIFFERENCE FLUCTUATIONS (Translation)

A. V. Men', Teleeommun. Radio Engineering,

Part 2 - Radio Engineering, July 1963, p.

24/32, 10 refs., A64-15463.

• . . spectral characteristics of phase-dif-

ference (amplitude) fluctuations for waves propa-

gating in a turbulent medium• . . It is noted
that when measurements are carried out over

large bases, the phase-difference fluctuation

spectrum has, independently of the path type,

an oscillatory behavior ....

THE NATURE OF AND SYSTEM INFERENCES

OF DELAY DISTORTION DUE TO MODE

CONVERSION IN MULTIMODE TRANSMIS-

SION SYSTEMS

S. E. Miller, Bell Syst. Tech. J., vol. 42,

no. 6, Nov. 1963, p. 2741/2760.

• . . For PCM in an all-helix waveguide,

it is concluded that a pulse rate up to 5000

megabits and up to 746 miles between regen-

erators is permitted by mode conversion
effect• . .

For transmission of frequency division

multiplex via a frequency-modulated carrier

(FDM-FM), estimates based on the discrete-
echo theory of Bennett, Curtis and Rice

suggest that 4000-mile transmission of 2000

channel groups is possible in all-helix

waveguide...

AUTOMATIC TIME-DOMAIN EQUALIZATION

W. S. Mohn, Jr., et al., Rec. Nat. Commun.

Symp., vol. 9, Oct. 1963, p. 1/9.

• . . a method of reducing intersymbol

interference in data-communication systems.

• . . will operate as a predistortion device

at the transmitter or as a post-distortion

device at the receiver. The equalizer will

adapt or train to a given communication system

either manually or automatically ....

digital approach which stores sixteen samples

to provide the necessary history of the data
transmitted ....

TttEORY OF STOCHASTIC DELAYS

C. J. Palermo, Institute of Science and Tech.,

U. of Michigan, Ann Arbor, July 1963,

57 p., AD 411 397.

• . . The effects of stochastic delay on

power spectra and correlation functions arc

described; system performance is considered

in terms of least squares filtering, doppler and

range estimation, signal to noise ratio and the

probability of detections and false alarms...

special cases are considered, such as small

and large variance delays, narrow and broad

bandwidth delays, Gaussian delays, and delays

in narrowband systems.
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EXPERIMENTAL MF/HF PHASE PATH STUDIES

H. E. Petrie, et al., National Bureau of Stand-

ards, Boulder, Colo., 14 Aug. 1963, lv.,
AD 416 335.

• . . experimental measurements on phase

path changes and group path time delays of MF

and HF signals reflected from the ionosphere at

vertical and oblique incidence are discussed and

analyzed with a view to the value of these types
of measurements in detection of deep space

nuclear detonations.

PROPAGATION DELAY FROM WWV

D.W. Proctor, Sperry Gyroscope Co., In its

Minimum Variance Orbit Determination

Program, 8 Nov. 1963, p. 56/60, N64-18229.

The raw data from the range-and-range rate

system are related to the time of the measure-

meat at the ground station. These times are

synchronized to WWV and include the time de-

lay from WWV to the ground site.., propa-

gation-delay corrections from WWV to the site

must be included . . . Since only three stations

are involved, these corrections can be preeom-

puted and stored as program constants for each

station location. An equation is derived for

computing timing-signal delay from WWV to a

range-and-range-rate tracking station• . .

AN AUTOMATIC PHASE-CORRECTION SYSTEM

P. Rademacher, et al., IEEE Internat. Conv.

Rec., vol. 11, no. 3, March 1963, p. 179/186.

In recent years the requirement for high-

fidelity signal reproduction in microwave systems
has led to increasing efforts toward minimizing

system phase nonlinearities. Such a requirement is

present in pulse compression radar systems

where phase nonlinearities in the transmitter or

receiver lead to the generation of paired echoes

from the target .... phase nonlinearities no

greater than ± 1 degree for complete system are
desirable ....

RECENTV. L. F° WORK AT THE U. S° ARMY

ELECTRONICS RESEARCH AND DEVELOP-

MENT LABORATORY

F. H. Reder, et al., In AGARD Propagation of

Radio Waves at Frequencies Below 300 kc/s,

1964, p. 335/338, refs., Pergamon Press and

Mac Millaa Co., N64-19698.

• . . propagation studies and long-distance

clock synchronization experiments that have been

conducted.., since 1959. Atomic Cs beam

frequency standard, type NC 1001, was used for

driving transmitters and clocks, and for providing

local references for VLF and LF receivers•

Measured values of the depth of the phase

trapezoid patterns for various VLF transmission

paths are included.



1.626

ANALYSIS OF AN OPTIMIZING SYSTEM USED

FOR MEASUREMENT OF PARAMETERS

OF AN UNKNOWN SYSTEM

W. B. Roeca, Antenna Lab., Ohio State U.

Research Foundation, Columbus, 30 Nov.

1960, 69 p., AD 409 282.

Analysis is made of the convergence of a

model transfer function's parameter values

when they are adjusted by adaptive control

systems to approximate an unknown transfer

function. Convergence depends on the adaptive

loops' velocity constants and on the operating

signal's parameters...

TROPOSPHERIC PHASE FLUCTUATIONS AT
S-BAND

H. A. von Biel, Cornell Aeronautical Lab.,

Inc., Buffalo, N. Y., Oct. 1963, 21 p.,

Rept. no. UB1725 1, RADC TDR63 408,
AD 423 223.

A tropospheric propagation experiment to

obtain the mean square phase fluctuations at

2250 mc over a 48-mile path is described.

Experimental data pertain to a 10-minute time

interval on a meteorologically quiet day . . .

The experimental equipment used in this

experiment consisted of four phase-locked

interferometers having baselines of 100 m
and 100 m north-south and east-west. The

2250-mc signal source was carried on board

a B-57 aircraft at a mean altitude of 40,000 ft.

INVESTIGATION OF PHASE INTERACTION AS

A MEANS FOR THE STUDY OF THE LOWER
IONOSPHERE

S. Weisbrod, Ionosphere Research Lab., Penn.

State U., University Park, 1 March 1964,
AD 435 736.

Related Publications:

THE OPTIMAL DISTRIBUTION OF SIGNAL

POWER IN A TRANSMISSION LINK WHOSE

ATTENUATION IS A FUNCTION OF

FREQUENCY (Correspondence)

G. Raisbeck, IRE Trans. Inform. Th., vol.

IT-4, Sept. 1958, p. 129/130.

EFFECTS OF FREQUENCY CUTOFF
CHARACTERISTICS ON SPIKING AND

RINGING OF TV SIGNALS

A. D. Fowler, et al., IRE Trans. Commun.

Syst., vol. CS-7, no. 3, Sept. 1959. p.
173/179.

The spiking and ringing of TV signals depend

upon amplitude and delay characteristics as-

sociated with frequency cutoff of transmission.

INVESTIGATION OF DIGITAL DATA COMMUNI-

CATION SYSTEMS (PHASE 2 REPORT)•

H. D. Becker, et al., Cornell Aeronautical

Lab., Inc., Buffalo, N. Y., Rept. for Jan.

1961-Jan. 1962, 20 Feb. 1962, 311p.,

incl. illus., refs. (Rept. no. UA-1420-S-2),

RADC TDR 62-134, AD 276 847.

• . . The optimization of systems operating

over dispersive channels in the presence of

nonwhite, gaussian noise is treated and the

effects of medium phase perturbations on the

performance of digital systems are analyzed.

SYSTEM PERFORMANCE IN THE PRESENCE

OF STOCHASTIC DELAYS

W. M. Brown, et al., IRE Trans. Inform• Th.,

(Intern. Symp. Brussels 1962), vol. IT-8,
no. 5, Sept. 1962, p. 206/214•

• . . anewtechnique• . . based on the

simultaneous observations of phase and

amplitude wave interaction .... To measure,

or even to detect . . . minute changes in the
phase of ionospherically reflected echoes,

which are subject to rapid amplitude fading

and phase tumbling, required the development
of special techniques and instrumentation. The

scheme is based on the extension of the Fejer

pulse technique which has been used in the

past by a number of investigators in the study
of the amplitude interaction. The theory of

interaction is extended and generalized by the
introduction of the complex coefficient of inter-

action, which embodies both amplitude and

phase effects .... On the average, below 75

or 80 kin., the phase perturbations, measured

in radians, are stronger than the amplitude
perturbations•

A STUDY OF PHASE FADING OF IONOSPHERIC

RE FLEC TIONS

P. E. Monro, Austral. J. Phys., vol. 15, no. 3,
Sept. 1962, p. 387/404.

Pulsed 2.28 Mc/s radio waves were transmit-

ted and measurements were made on the first-

hop, vertically - incident reflections from the

ionosphere. A method of continuously recording

the changes of phase difference between the sig-
nals at two aerials is described .... it is

shown that the quasi-periodic type of fading can

be explained in terms of two component rays

being reflected from two reflecting areas of the

ionosphere and interfering at the receiving

aerials. The horizontal separation of the two

regions is about 50 km in the case analysed.
• . °
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DEPENDENCY OF CROSSTALK ON UPPER

AND LOWER CUTOFF FREQUENCIES IN

PAM TIME-MULTIPLEXED TRANSMIS-

SION PATHS

H. M. Straube, IRE Trans. Commun. Syst.,

vol. CS-10, no. 3, Sept. 1962, p. 268/276•

SLOZHENIE SINUSOIDAL'NYKH KOLEBANII

S NARASTAIUSHCHIM SLUCHAINYM

RAZBROSOM FAZY (Addition of Sinusoidal

Oscillations with a Growing Random Phase

Scatter) (In Russian)

I. K• Barsukov, Radiotekhnika i Eletronika,

vol. 8, July 1963, p. 1106/1110, A63-24399.

EFFECTS OF PHASE ERRORS ON THE

AMBIGUITY FUNCTION

W. M. Brown, et al., IEEE Intern. Cony.

Rec., Pt. 4, vol. 11, March 1963,
p. 118/123.

• . . The lack of perfect coherence

(specifically, phase errors) in a radar or

sonar system limits system accuracy and

resolution• Two types of phase errors are

considered here: (1) Time phase errors which

appear as a multiplicative factor . . . on the

received pulse; local oscillator drift is a

typical source of such a phase error. (2)

Frequency phase errors (or dispersion) which

appear as a multiplieative factor.., on the

Fourier transform of the received pulse;

such phase errors appear if propagation
"constants" or reflection characteristics

change as a function of frequency over the

bandwidth of the transmitted pulse ....

THE PROPAGATION TIME OF A RADIO PULSE

J. R. Johler, IEEE Trans. Antennas and

Propagation, vol. AP-11, Nov. 1963, p.
661/668., 13 refs., A64-11806.

• . . propagation of the ground wave over

finitely conducting ground which modifies the

propagation time of the tagged point-in-time

on the envelope by amounts which may be

sufficiently large as to cause cycle ambiguity
_- rrradians at the carrier or characteristic

frequency of the pulse ....

MOP-UP EQUALIZER FOR AMPLITUDE AND

DELAY DISTORTION IN IF BAND FOR

6GC 1800 CHANNEL SYSTEM

T. Kawahashi, et al., IEEE Intern. Conv.

Rec., Pt. 8, vol. 11, March 1963, p.
163/176.

NOTE ON THE ELIMINATION OF DELAY DIS-"

TORTION IN BROAD-BAND LONG DISTANCE

SYSTEMS (Correspondence)
E. Jo Post, Proc. IEEE, vol. 51, no. 4, April

1963, p. 627/628•

• . . The slope of the attenuation in the

neighborhood of the edge of the pass band is very

steep; in the limit, it may be conveniently rep-

resented by two impulse functions of opposite

sign at _1 and _2, the limit points of the pass
band ....

PHASE DISTORTION IN L. F. RADAR AMPLI-

FIERS (In French)

G. Thomas, Onde Eleetr., vol. 43, no. 433,

April 1963, p. 400/407•

OPTIMUM POWER DIVISION IN COHERENT

COMMUNICATION SYSTEMS

H. L. Van Trees, Lincoln Lab., Mass. Inst. of

Teeh., Lexington, Feb. 19, 1963, 51 p., 9

refs., N63-23350.

• . . Specifically considered is a binary

symmetric, phase-modulation system operating

over a channel which imparts a random phase

modulation to the signal and adds Gaussian
noise . . .

UBER PHASE UND GRUPPENLAUFZEIT (On

Phase and Group Transmission Time) (In

German)

H. Wolf, Nachrichtentech. Z., vol. 16, Sept.

1963, p. 457/460, A63-24421•

• . . The conditions for distortion-free trans-

mission of instantaneous values and modulation

products, and the concept of signal delay, are

explained by means of an idealized phase curve

of a bandpass filter, and are illustrated by a

model example. Quantities important for the
determination of distortions are indicated•

RESEARCH STUDY OF SYNCHRONIZATION IN

DIGITAL SWITCHING SYSTEM

ITT Federal Labs., Nutley, N. J. Quarterly rept.

no. 2, 1 July 1962 - 1 March 1963, 1 March

1963, 52 p., AD 407 314.

• . . various methods of providing synchro-

nization in a switching system using time division

multiplex transmission between exchanges ....

study of . . . long-term propagation delay vari-

ations in microwave radio and cable systems.
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• 1. 628: Various Other Distortions

Included: Polarization distortions; Frequency shift distortions; Frequency translation distortions in

carrier transmission systems; Antenna distortions; Distortions in storage media; Polarization sys-

tem analysis; Faraday polarization rotation; Bit loss or bit gain distortion in data systems.

Not Included: Polarity coincidence detectors (2); Physics of ionospheric propagation; Polarization

characteristics of antennas; Transpolarizer circuits.

Cross References: Characteristics of ionospheric channels (1. 632); Multi-mode distortions in
waveguides (1. 655).

Principal Publications:

ALTITUDE VARIATION OF FIELD STRENGTH

FOR VERTICALLY POLARIZED LOW AND

BROADCAST FREQUENCY RADIATION

J. R. McGonegal, et al., IRE Trans. Antennas

Propagation, vol. AP-6, July 1958,
p. 278/281.

THE USE OF VERTICAL POLARIZATION TO

SOLVE UHF TELEVISION "GHOSTING"

PROBLEMS IN A SHADOWED VALLEY

D. W. Peterson, RCA Rev., vol. 19, no. 2,

June 1958, p. 208/215.

UHF Television broadcasting in hilly or

mountainous terrain suffers from "ghosting" or

multi-path reception in shadowed valleys. An ex-

perimental study of the ghosting problem has led

to the conclusion that vertically polarized co-

channel amplifier boosters and passive boosters

will solve the problem of serving shadowed

valleys. New service can be rendered without

denying any existing service resulting from
creation of a "mush" area ....

POLARIZATION OF ATMOSPHERIC PULSES

DUE TO SUCCESSIVE REFLECTIONS FROM

THE IONOSPHERE

A. P. Tantry, et al., J. Geophys. Res., vol.

63, Sept. 1958, p. 527/538.

SPIN VARIATIONS OF SATELLITE RADIO
EMISSION

P. R. Arendt, et al., Conf. Proc. Nat. Conv.

Mil. Electronics, vol. 3, June 1959, p.
407/412.

Most of the propagation effects observed

from the radio emissions of earth satellites are

related to their translatory movement .... the

rotational and tumbling movements of the satellites

were causing similar changes in the amplitude of

received radio emissions. These variations or

spin-type fadings are due to the changing position
of the spatial pattern of the satellite's antenna

with respect to the also-changing ray path from

the satellite to the ground observation point ....

POLARIZATION COMPUTATIONS BY MEANS

OF THE MULTISLAB APPROXIMATION

A. J. Ferraro, et al., J. Atmos. Terr. Phys.,
vol. 16, Oct. 1959, p. 136/144.

EFFECT OF ANTENNA PHASE PATTERN ON

DOPPLER SYSTEM OPERATION

H. S. Rothman, et al., Conf. l>roc. Nat. Conf.

Mil. Electronics, vol. 4, June 1960,

p. 503/509.

DOPLOC SYSTEM STUDIES

W. E. Scharfman, et al., Stanford Research

Inst., Menlo Park, Calif., Final rept., pt.

B., July 1960, 70p., Rept. no. 10., AD

419 771.

• . . A number of effects are discussed that

are associated with the propagation of electro-

magnetic waves from the ground to a satellite

and back to the ground again ....

THE CHANNEL CAPACITY OF ONE- AND

TWO-PATH COMMUNICATION CHANNELS

WITH POLARIZATION (In Russian)

L. Khai-Tsyuan', Radiotekhnika i Elektronika,

vol. 6, no. 2, Feb. 1961, p. 200/203.

The channel capacity of the received signal
is calculated for a uniform distribution of the

angle between the electric field and a horizontal

vibrator, with additive Gaussian noise.

Particular cases given are for small signal to

noise power ratios and for a high signal to
noise power ratio ....

ON THE DYNAl_IC RANGE OF A MAGNETIC
RECORDING CHANNEL

M. V. Gitlits, Radio Engng: Transl. of Radio-

tekhnika, vol. 17, no. 4, April 1962, p.
65/75.

The effect of irregularities in efficiency of

ferromagnetic recording media and of tape-

transport flutter on the dynamic range of a chan-

nel during direct magnetic recording of signals
is analyzed as is the use of amplitude, fre-

quency and pulse-width modulation ....
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EFFECTOFPROPAGATIONFADINGAND
ANTENNAFLUCTUATIONSONCOMMUNI-
CATIONSYSTEMSINA JAMMINGENVI-
RONMENT

A. B. Glenn,ct al•, IRETrans.Commun•Syst•,
vol.CS-10,no.1, March1962,p• 43/60•

• • • Theresultsareplottedfor a largevari-
etyoffadingconditionsforboththedesiredand
undesiredsignalsandantennafluctuations....

ONTHERECEPTIONOFQUASI-MONOCHRO-
MATIC,PARTIALLYPOLARIZEDRADIO
WAVES

H. C. Ko,Proc•IRE,vol.50,no•9, Sept.
1962,p. 1950/1957•

Theresponseofanelliptieallypolarized
antennatoaquasi-monochromatic,partially
polarizedradiowaveis treatedfromthestand-
pointofcoherencetheory•A generalformula
is derivedfortheavailablepowerattheter-
minalsofareceivingantennain termsofappro-
priatelychosencoherencymatricesfor theantenna
andtheincidentwave....

FAR-FIELDWIDE-BANDDISTORTIONPAT-
TERNSOFANTENNAS

D•J• Lewinski,etal., Rec.Nat.Commun.
Symp.,vol.8, no•10,Oct.1962,p• 132/138.

COORDINATINGANTENNAPERFORMANCE
OFCOMMUNICATIONCIRCUIT
REQUIREMENTS

S.Perlman,Conf.Proe.Nat.Conv.Mil.
Electronics,vol.6, June1962,p. 179/183.
• . . forHFsignalsbeyondthehorizon,

complexchangesinpropagationphenomena
affectinparticular,thevertical(elevation)
angleoftheraypathwiththepassinghoursof
theday,season,andportionofthesun-spot
cycle.Morethanonemodeofpropagationray
ispossibleandsometimesexistsimultaneously.
• . . "AngleofArrival"studies. . . fora
particularpoint-to-pointcircuitovertheperiod
ofa sun-spotcycle. Theresultshavebeenused
inselectingtheperformancerequirementsof
theante_maswhenthefrequencyassignmentsare
known....

BITLOSSANDGAINCORRECTIONCODE
F•F•Sellers,Jr., IRETrans.Inform.Th.,

vol. IT-8,no.1, Jan.1962,p. 35/38•

Ablockcodeispresentedthatwillcorrect
anerrorconsistingofthegainor lossofabit
(binarydigit)withintheblock•Thecodecan
begeneralizedtocorrectthelossorgainofa
burstofbits. Afurtherfeatureis thepossibility
ofcorrectingadditiveerrorsappearingin the
vicinityofthebit lossorgain.... areceived
messagehasadifferentnumberofbits(binary
digits)thanthetransmittedmessagehad.One
causeofsucherrorsis thctemporarylossof
synchronizationbctwcenthetransmitterandthe
receiver.... Eventheselfsynchronizing
comma-freecodesarenotabletodecodea
charactercontainingabit lossor gainerror. .
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THESIGNAL/NOISEGAINOFIDEALRE-
CEIVINGARRAYS

V. G.Welsby,Proc.Instn.Elect.Engrs,
(PartC),vol. 109,no.15,March1962,
p. 108/116.

SATELLITEMEASUREMENTSOFRADIO
BREAKTHROUGH

E.A. Atkins,etal., CanadianJournalPhysics,
vol.41,Aug.1963,p. 1388/1393,A63-
22887•

• . . ofasignalidentifiedas'_0reakthrough
fromtheground"receivedbyTransit2A. . .
appearsasarectifiedsinusoidwithnoisesu-
perimposed...Theperiodofthevariationin
amplitudeis appropriatetothespinrateofthe
satellite. . . Theprecisetimesofobservation
ofbreakthrougharesupplied.
STUDYANDINVESTIGATIONOFPOLARIZA-

TIONPROGRAMMING
R. S.Berkowitz,etal., MooreSchoolofElec-

tricalEngineering,U. ofPenn.,Philadelphia,
Interimrept.,Rept.no.6408 2., AD431
882.

• . . Threedifferentaspects. . . Firsta
studyofpropagationpropertiesofthetroposphere
scattercommunicationisconcluded.... all
availableevidenceindicatesthattransmitted
polarizationpropertieswillbeessentiallypre-
servedthroughthemediumuptothepointof
reception.... secondstudy. . . hastodo
withconstructionofastatisticalmodelofthe
propagationmediumconsistentwithourknowl-
edgeofscatterpropagationcharacteristicsthat
canbeusedasthebasisofsystemdesign.Such
achannelmodelincorporatingrandomfading
statisticshasbeensetup.

STUDYANDINVESTIGATIONOFPOLARIZA-
TIONPROGRAMMINGVOLUMEII
POLARIZATIONSYSTEMSANALYSIS

R. S.Berkowitz,etal., MooreSchoolofElec-
tricalEngineering,U. ofPennsylvania,
Philadelphia,Jan.1964,74p., Rept.no.
6402,RADCTDR63396,vol.2, AD430249.

• . . Thechoiceoffrequencyrangebasedup-
onpreservationofpolarizationisdiscussedand
afewfactorswhichcanleadtodepolarizationat
higherfrequenciesarementioned.... po-
larizationeffectsthattakeplaceinpropagation
viatheionosphere. . . futureapplicationsto
satellitecommunication•Thetroposcatterpro-
pagationfactorsaffectingapolarizationpro-
grammingsystemarepresented.... Twoap-
pendicesdiscussastatisticalmodelofafading
channelandaspecificsystemincorporatingone
ofthegivendesig_philosophies,respectively.
Theapplicationofpolarizationprogrammingto
anover-the-horizontroposeatterlinkseemsto
befeasible,it shouldlie in therangeof1to 10
kilomegacyclespersecond.
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Q

•OWENS VALLEY RADIO OBSERVATORY. 7.

LINEAR POLARIZATION MEASUREMENTS

OF THE DECIMETER WAVELENGTH RADI' -
TION FROM SMALL DIAMETER RADIO

SOURCES

G. A. Seielstad, et al., California Inst. of

Tech., Pasadena, 1963, 8 p., AD 422 681.

The two 90-foot antennas at Calteeh's Owens

Valley Radio Observatory have been used as an

interference polarimeter in an extensive in-

vestigation of the linear polarization properties

of a number of discrete radio sources . . the

distribution of polarization over the source be-

came significant and necessitated a completely

different type of analysis. Such an analysis is
being carried out on the resolved sources and

will be reported elsewhere. We report here

only the measurements made between July and
November, 1962...

OPTIMUM POWER DIVISION IN COHERENT

COMMUNICATION SYSTEMS

H. L. Van Trees, Lincoln Lab. Mass. Inst.

of Tech., Lexington, 19 Feb. 1963, 44 p.,

TR 301, AFESD TDR 6368, AD 406 882.

• . . in a binary, symmetric, phase-modu-

lation system operating over a channel which

imparts a random phase modulation to the signal
and adds Gaussian noise ....

IONOSPHERIC RESEARCH AND PROPAGATION

STUDIES

H. D. Webb, et al., Electrical Engineering

Research Lab., U. of Illinois, Urbana.,

Quarterly progress rpt. no. 11, 1 Jan.-31

March 1963, 13 June 1963, 27 p., AD 419
683.

Observations of moon reflected signals were

made on 40 days for a total of over 322 hours.

The relative polarization angles have been read

out from all of the data ....

POLARIZATION OF RADIO WAVES PASSING

THROUGtI A TRANSVERSE MAGNETIC

FIELD REGION IN THE SOLAR CORONA

V. V. Zhelezniakov, et al., (Astron. Zh.,

vol. 40, July-Aug• 1963, p. 633/642. ), In

Russian, Soviet Astronomy, vol• 7, Jan.-

Feb. 1964, p. 485/491, 11 refs., Transla-
tion, A64-13264.

Related Publications:

THE TRANSPOLARIZER: AN ELECTROSTATI-
CALLY CONTROLLED CIRCUIT IMPED-

ANCE WITH STORED SETTING

C. F. Pulvari, />roe. IRE, vol. 47, June 1959,
p. 1117/1123.

This new device operates by the controlled

transfer of polarization through two or more
ferroelectric dielectric sections in series and

therefore is named "transpolarizer. " It repre-

sents a new basic means for storing and gating

electrical signals and, in general, means to

control circuit impedance in any predetermined

manner according to a stored setting.

AN ULTRA-HIGH FREQUENCY CW REFLEC-

TION MEASURING SYSTEM

S. Mikuteit, Ohio State U. Research Foundation,

Columbus Antenna Lab., June 30, 1963, 85

p., 21 refs, N63-21264.

• . . For the study of echo-area control, a

CW radar facility operating at a frequency of

422 Mc. with a variable range from 30 to 103

ft. and the capability to vary the polarization of

transmitting and receiving antennas continuously
through 90 deg. has been constructed and cali-
brated . . .

UTILIZATION OF THE FARADAY EFFECT IN

IONOSPHERIC STUDIES

B. C. Potts, Ohio State U. Research Foundation,

Columbus, Bedford, Mass. A. F. Cambridge
ires. Labs., March 15, 1963, 173 p., 59 refs,

{Rept. 1116-28; AFCRL-63-109}, N63-23110.

• . . When a linearly polarized antenna is
used to receive continuous wave radio trans-

missions from an artificial earth-satellite,

the amplitude of the radio signal exhibits a quasi-

periodic fading due to the Faraday polarization

rotation of the down-incoming wave. This fading

may be used to ascertain the electron density as

a function of height in the ionosphere by syn-

thesizing the actual conditions that produced the

observed rate of fading...

DESIGN AND PERFORMANCE OF A POLARITY
COINCIDENCE DETECTOR

M. Raether, et al°, Coordinated Science Lab.,

U. of Illinois, Urbana, Aug. 1963, 25 p.,
Rept. no. R 178, AD 418 173.

• . . The present instrument works in the

range of 20 c/sec to 20 Kc/sec and is capable

of measuring signal-to-noise ratios as low as

i0 to the -4th power . . . very reliable tool for

the synchronous measurement of small ac sig-
nals.
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POLARIZATION CONSIDERATIONS FOR A DUAL

CHANNEL RECEIVING ELEMENT

E. J. Christopher, et al., Rome Air Develop-

ment Center, Griffiss Air Force Base, N. Y.,

June 1963, 14 p., AD 409 153, N63-18377.

A means of optimumly receiving electro-

magnetic energy from a wave whose polarization

is not necessarily constant or known is discussed

THE USE OF AN HF LUNAR REFLECTION CIR-

CUIT IN THE STUDY OF IONOSPHERIC

ELECTRON DENSITY

J. R. Davis, et al., Naval Research Lab.,

Washington, D. C., 19 July 1963, 12 p.,

NRL rept. 5968, AD 414 850.

• . . The received moon echoes were sub-

jected to a high degree of predetection bandwidth

narrowing and were analyzed to yield informa-

tion regarding the possible extent of polariza-

tion-rotation undergone by radio waves traversing

the ionosphere•

DETECTION OF SOLAR PARTICLE STREAMS

USING HIGH-FREQUENCY RADIO WAVES

B. B. Lusignan, Stanford U., Stanford Elec-
tronics Labs., Calif., April 1963, 39 p.,

9 refs, (Teeh. rept. 1403-3; SEL-63-041;

AFCRL-62-7994), N63-17573.

Interactions between radiowaves and charged

particles change their character when the par-

ticles have high average velocities. The nature

of such interactions is investigated, assuming

no collisions, no external magnetic field, and

low particle densities. A stream of such par-

ticles make the medium anisotropic. As a

result, the medium propagates two waves of un-

changing (characteristic) polarization, one

linearly polarized perpendicular to the particle

stream, and a second at right angles to the first.

CROSS-POLARIZATION WITH REFERENCE TO

TE LEVISION PLANNING

D. E. MacDonald, et al., Proc. Instn• Radio

Engrs. Australia, vol• 24, no. 7, July 1963,

p. 570/582.

ORIENTATION OF LINEARLY POLARIZED

HF ANTENNAS FOR SHORT-PATH

COMMUNICATION VIA THE IONOSPHERE

NEAR THE GEOMAGNETIC EQUATOR

G. H• Hagn, Stanford Research Inst., Menlo

Park, Calif., Aug. 1963, 26 p., Research

Memo no. 5, AD 418 497.

There is an optimum orientation for linearly

polarized antennas used on short ionospheric paths

near the geomagnetic equator. Consideration

of the magneto-ionic theory and its application to

antenna-to-medium coupling problems indicates

that aligning such antennas parellel to the earth's

magnetic field will maximize signal strength

while minimizing polarization fading. Such

orientations may intercept less interference than

vertically polarized antennas . . .

GROUNDWAVE PROPAGATION EFFECTS ON

MICROSECOND PULSES AT 141 MCS

R. W. Heffner, IEEE Intern. Conv. Rec., pt.

8, vol• 11, March 1963, p. 182/196.

• . . A test program was performed to in-

vestigate the propagation effects around 141 mcs

using microsecond pulses of different carrier

frequencies. These investigations used omni-
directional antennas at the transmitter and re-

ceiver locations• Antemla height at both locations

was twelve feet. The results to be discussed

are: a) propagation attenuation contour; b) pulse

stretching; c) selective fading and enhancement

of pulses within the time-frequency matrix frame;

d) backscatter pulse stretching, and; e) polariza-

tion dependence .... only limited information

was applicable to the special wide band multiple

pulse system requirements of RACEP ....
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• . . describes measurements taken of the

horizontally polarized component (EH) and the

vertically polarized component (Ev) of the
emissions of existing TV stations• In the anal-

ysis, it is shown that the statistical distribution

with location of the parameter EH/E V from one
station, although currently used, does not pro-

vide a valid means of estimating the improve-
ments to be expected when using cross-polarized

transmitters as a means of reducing interference.

• . . Cross-polarization should be of greatest

use . . . where the receiving location lies be-
tween the wanted and unwanted stations. The

analysis relates to the effects of propagation and

does not take into account the problems of domes-

tic receiving aerial installations ....

POLARIZATION MEASUREMENTS DURING

SCINTILLATION OF RADIO SIGNALS FROM

SA TE LLITES

J. P. McClure, Journal of Geophysical Re-

search vol. 69, April 1, 1964, p. 1445/1447,
A64-16803.

Brief review of measurements obtained from

Transit 4A Charts are given which show seg-

ments of satellite records, including dipole,

turnstile, and polarimeter (antenna-goniometer-

receiver combination) signal strength channels

• . . The random polarization angle variations

observed were never large enough to obscure the

regular Faraday effect at 54 Mc during the period

March through June 1963 ....

ACIIIEVING EFFICIENT WIDE-BAND OPERA-

TION WITH SHORT ANTENNAS

A. Macovski, Proceedings, IEEE, vol. 51,

May 1963, p. 863/864, A63-16790.
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"Section 1.63

Natural Propagation Media and Their Characteristics

To date space communications systems must use electromagnetic waves of one kind or another. These

waves transverse a variety of regions around the Earth and in space which effect their mode of propagation
in many ways. This in turn causes distortions of the communications signals or may even interrupt
communications completely.

This section contains a combination of references to papers describing our increasing understanding of the
natural phenomena which enable or impede electromagnetic wave propagation. The further sections in this

division refer to publications which demonstrate how engineers convert this increased understanding into
practical results when establishing improved communications links.

The present section is arranged in nine subdivisions. The first subdivision is devoted to analytical models
of natural media. The next seven subdivisions deal with special regions in space and around the Earth.
These subdivisions start with the regular (1. 632) and irregular characteristics (1. 633) of the ionosphere and

continue with the troposphere (1. 634), the lower atmosphere and the Earth surface (1. 635) to subterraneous
propagation (1. 636). The subdivision 1. 637 contains references on propagation media in special geographical
regions of the Earth and 1. 638 is a collection of all other references, primarily of discussions about ex-
traterrestrial propagation phenomena.

The last subdivision 1. 639 brings a review of experimental techniques for the systematic evaluation of all
these natural media.

It is important to recognize that in all these subdivisions the selections are largely restricted to publications
which may contribute ultimately to the problems of practical communications systems.

Astrophysical and geophysical research results are excluded from this section, as are results from opera-
tional communications systems and equipment descriptions, except those referring to experimental instal-
ations. Results from ionospheric satellites and from observations of satellite transmissions are included on
a selective basis when they meet the above selection criteria. The reader is invited to check in volume 4B
for further reports on ionospheric research satellites.

Disturbances originating within these natural media, such as atmospheric noise, will be discussed in
section 1.7.

1. 631: Analytical Background for the Description of Natural Propagation Media

Included: Books and surveys on propagation media; Definitions of propagation terms; Mathematical
models of propagation media; Calculation of ionospheric propagation paths; Perturbation methods
in path evaluation; Ionospheric ray tracing; Fresnel surface integral.

Not Included: Electromagnetic wave theory; Propagation prediction services; Faraday rotation as
a geophysical effect.

Cross References: General theory of time-variant communications channels (1. 611); Analysis of
multipath and fading channels (1. 612); Simulation of time-variant communications channels

(1. 619); Practical propagation results in various wavebands (Sect. 1.64); Experimental
evaluation of propagation media (1. 639).

Principal Publications:

STATISTICS OF A RADIO WAVE DIFFRACTED
BY A RANDOM IONOSPHERE

S.A. Bowhill, J. Res. Nat. Bur. Stand., vol.
65D, no. 3, May-June 1961, p. 275/292.

For some purposes, particularly in connection
with the study of the random structure of the
lower ionosphere, using very low frequencies, it

is necessary to find the detailed

statistical properties of a random signal
diffracting in free space. Mathematical
tools for evaluating these parameters have
been developed, and are applied in this
paper .... The case of oblique incidence
of a wave of the ionosphere is also considered.
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TRANSMISSION CURVES FOR THE CURVED

IONOSPHERE

T. Kobayashi, J. Radio Res. Lab., vol.

8, no. 40, Nov. 1961, p. 395/411.

An equivalence theorem for the curved

ionosphere and curved earth is derived and

two types of transmission curves are developed,

the difference between virtual height and real

height being used as a parameter ....

recordings . . . showing the relation between

the frequency and the time of propagation over

the 5300 km path between Slough and Ottawa,

to confirm the one-hop mode of propagation

for frequencies in the 27-33 Mc/s range ....

H-F PROPAGATION SIMULATION

R. Mather et al•, Rome Air Development

Center, Griffiss Air Force Base, N.Y.,

Nov. 1962, 21 p. incl., 6 refs•, (Rept•

no. RADC TDR 62-473) AD 288 924.

• . . to be simulated on an analog computer

and compared with experimental data collected

over a 3800-km path. The experimental

complex consists of a transmitter site located
in the Panama Canal Zone and a receiver site

at Stockbridge, N.Y. Vertical ionospheric

sounders are located along the transmission

path and are used to measure the spatial dist-

ribution of electron density in the volume of

interest. A method is described whereby this

spatial distribution of electron density is

programmed into the analog computer in order

that the Hamiltonian equations describing ray

paths may be solved. In addition to producing

frequency vs. time plots for comparison with

the experimental data, the simulator also gives

results not easily measured in the field, such

as take-off angle, angle of arrival, group

time, phase time, off-path deviation, and

height of reflection ....

THE FRESNEL SURFACE INTEGRAL

G. Millington, et al., Proc. Instn. Elect.

Engrs., (Part C), vol. 109, no. 16,

Sept. 1962, p. 430/437.

. . . the integral associated with the name

of Fresnel was studied by him in connection

with the problem of diffraction by a knife-edge.

In extending the theory to propagation over two

knife-edges in succession, the authors have

found that the solution may be expressed in

terms of an integral of Fresnel type taken over

a surface. As they have been unable to find

any Tables directly applicable, it is the purpose

of this paper to define what will be termed the

Fresnel surface integral and to provide ex-

pansions from which it may be computed in

any specific case ....
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DOUBLE KNIFE-EDGE DIFFRACTION IN

FIELD-STRENGTH PREDICTIONS

G. Millington, et al., Proc. Instil. Elect•

Engrs., (Part C), vol. 109, no. 16, Sept.

1962, p. 419/429.

. . . double application of Huyghens' prin-

ciple expressed in terms of simple Fresnel

theory. The solution is shown to depend on a

Fresnel surface integral which will be

discussed in a companion paper. Some typical

curves of decibel loss . . .

EXPLORATORY PROGRAMMING STUDIES

FOR IONOSPHERIC RAY TRACING

Electronic Associates, Inc., Princeton, N. J.,

Final rept., 8 Oct. 1962, 31 p., AD 412
487.

The development of preliminary analog

computer programs for the solution of the two

dimensional electromagnetic ray path equations

is discussed .... Circuit diagrams, typical

computer output plots, and the specialized

forms of the equations used at low frequencies

(5 kc. ) and high frequencies (14 meg. ) are

included.

THE ANALYSIS OF IONOSPHERIC H (F)

RECORDS USING THE METHOD OF

LEAST SQUARES

D.J. Brown, et al., Ionosphere Research

Lab., Penn. State U., University Park,

1 Jan. 1964, 48 p., Rept. no. SR202,

AD 427 968.

Electron density-height profiles in the

ionosphere can be obtained from vertical

height-frequency records by solving an

integral equation. A new method of solution

is presented, using an iterative minimization

scheme .... This is more general than most

available techniques, since no particular model

need be assumed for the underlying ionization.
The uniqueness of the solutions which combined

data from the ordinary and extraordinary rays

for limited frequency ranges is discussed, . . .

WIDE-ANGLE RADIATION DUE TO ROUGH

PHASE FRONTS

C. Dragone, et al., Bell Syst. Tech. J.,

vol. 42, no. 5, Sept. 1963 p. 2285/2296.

Nonuniformities in the phase fronts of

electromagnetic and acoustical waves give rise

to radiation in directions other than that desired•

The magnitude of this effect is discussed here

with special reference to quasi-random
roughness...

A rough or nonuniform phase front, be it

acoustical, radio, or optical, usually degrades
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thedesiredperformanceof components
whichtransmit,reflect,or receivethe
wave.... wellknownin thefieldof
microwaveantennas•. • and•• . of
opticalcomponents.... Inpractice,it
isdifficulttodescribetheroughness
properly. . •

RADIOPULSEPROPAGATIONBYA
REFLECTIONPROCESS AT THE

LOWER IONOSPHERE

J•IR• Johler, J. ires. Nat. Bur. Stand.,

Section D - Radio Propagation, vol.

67D, Sept. -Oct. 1963, p. 481/499,

23 refs., A63-25322.

• . . using a method that employs direct

analytic procedures for the evaluation of the

Fourier transform-integral for the ground-

wave pulse. A previous analysis of the

reflection coefficient is employed to construct

transfer functions for the ionospheric wave . . .

the behavior of LF pulses propagated by a

reflection process at the ionosphere is deter-

mined for three models for the lower ionosphere.

The composite ground and ionospheric pulse

is formed, and a method of tagging a point-in-

time on the pulse is detailed.

PROPAGATION OF WAVES IN A MEDIUM

WITH STRONG FLUCTUATION OF THE

REFRACTIVE INDEX

V.I. Tatarskii, et al., (Zh. Eksper. Teor.

Fiz., vol. 44, Feb. 1963, p. 676/685.),

In Russian, Soviet Physics - JETP, vol. 17,

Aug. 1963, p. 458/463, Translation,A63-21309.

Derivation of the formulas for the real and

imaginary parts of the propagation constant of

the transmitted wave, and for the scattered

intensity of the field, for a wave propagating

in a medium undergoing small strong-scale
fluctuations of the refractive index. The

propagation constant and the intensity are

expressed in terms of the correlation functions
of the fluctuations.

RADIO PROPAGATION ALONG MAGNETIC

FIELD-ALIGNED SHEETS OF IONIZATION

OBSERVED BY THE ALOUETTE TOPSIDE

SOUNDER

D.B. Muldrew, J. Geophys. Res., vol. 68,

Oct. 1, 1963, p• 5355/5370, 12 refs.,

A63-23363o

• . . theoretical model for the guidance of

radio waves and hydromagnetic waves along an

electron-density discontinuity in the magneto-

sphere which is suitable for heights less than

1,000 km above the Earth's surface, and is
based on data obtained from the Alouette

satellite . . . at frequencies as high as 5• 6

Mc. It occurs most commonly near local

midnight and local noon at low magnetic latitudes.
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Ray tracings along a model field-aligned sheet

of ionization indicate that radio rays travel

back and forth along the field, maintaining very

nearly a constant track width... For radio

energy propagated along a field-aligned sheet

of ionization, the reflection level is found to

be very nearly the same as the reflection level

for vertical-incident propagation.

PERTURBATION METHODS APPLIED TO

THE REFLECTION OF RADIO WAVES

FROM THE IONOSPHERE

P.W. Norman, Ionosphere Research Lab.,

Penn. State U., University Park, 1 Feb.

1963, 28 p., incl. illus., 10 refs.,

(Scientific rept. no. 178), (AFCRL-63-215),
AD 297 419.

• . . by treating the earth's field of

magnetic induction as a perturbation,

Maxwell's equations and the constitutive

relationship are considerably simplified•

First order approximations for the field

reflected from a homogeneous sharply bounded
ionosphere are found.

A THEORETICAL STUDY OF TROPOSPHERIC

RADIOWAVE PROPAGATION

R.M. Ring, May 1963, 88 p., refs., (AFCRL-

63-713) AD 426 306, N64-13664.

A time factor e iwt is assumed, and results

are expressed in terms of the modified Hankel

functions of order one-third. A unified and

reasonably short treatment is attempted of

several problems which arise in investigating

a homogeneous atmosphere, an inhomogeneous

atmosphere, and superrefraction.

THE REFRACTION OF SATELLITE SIGNALS.

I - THEORETICAL CALCULATIONS

J.E. Titheridge, J.Atmos. Terr. Phys., vol. 26,

Feb. 1964, p. 159/175, 12 refs.,A64-16128.

Presentation of simplified calculations of the

refraction suffered by a radio wave passing

through a spherically symmetrical ionosphere by

considering the equivalent flat layer. An

effective height for this layer is calculated for

parabolic and Chapman layers for a number of

different frequencies and angles of incidence

• . . At small zenith angles the total electron

content of the ionosphere can be determined by
a method similar to that used in the analysis

of Doppler frequency shift and Faraday fading

records . . . restrictions to line-of-sight

propagation with no path splitting are eliminated

• . . errors caused by horizontal gradients of

ionization are reduced ....
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IONOSPHERICSCATTERINGEFFECTSIN
LONG-DISTANCEPROPAGATION

H.A.Whale,J. Res.Nat.Bur.Stand,Section
D- RadioPropagation,vol.67D,May-June
1963,p. 287/296,A63-18082.

Presentationofastatisticaltheoryofthe
behaviorofraysscatteredatsuccessive
ionosphericreflections.... Thetheory
predictsthepropertiesoftheantipodal
area,thedeviationofbearingtobeexpected
atplacesoffthemaintransmittingbeam..

TRANSACTIONSOFTHEACADEMYOF
SCIENCESOFTHEUSSR,INSTITUTE
OFEARTH'SMAGENTISM,THE
IONOSPHERE,ANDRADIOWAVE
PROPAGATION(SELECTEDARTICLES)

ForeignTechnologyDiv., Air ForceSystems
Command,Wright-PattersonAir ForceBase,
Ohio,14Feb.1963,107p., (Trans.no.
FTD-TT-62-1330fromAkademiyaNauk
SSSR,TrudyInstitutaZemnogoMagnet-
izma,Ionosfery,i Rasprostraneniya
Radiovoln17:27,p. 216/239and240/280,
Moskva,1960,AD298207.

Related Publications:

STATISTICAL ANALYSIS OF FADING OF

A SINGLE DOWN-COMING WAVE

P• Dasgnpta, et al., J• Atmos. Terr.

Phys., vol. 18, no. 4, Aug. 1960,

p. 265/275.

A STUDY OF EXTREMELY-LOW-FRE-

QUENCY WAVE MOTIONS

A. Cantor, et al., Sylvania Electric Products,

Inc., Waltham, Mass., 30 Apr. 1963,

139 p., AFCRL 63 491, AD 408 099.

• • . concerned with a proper treatment of

disturbances inthe ionosphere. It develops the

treatment of the excitation of extra-low-fre-

quency (magnetohydrodynamic-like) wave-

motions in an infinite, homogeneous plasma

imbedded in a constant, unidirectional magnetic

field, for which the electrical conductivity

tensor is easily established and methods of

analysis are highly developed.

FARADAY ROTATION NEAR THE TRANSVERSE

REGION OF THE IONOSFttERE

G•A. Dulk, Ballistic Research Labs., Aberdeen

Proving Ground, Md., April 1963, 32 p.

Rept. no. 1200, AD 406 825•

It is shown that some of the equations

usually used to describe Faraday rotation are
incorrect for the case of propagation through

an anisotropic magnetic field when the cosine

of the angle between the magnet field and the

wave normal changes sign along the ray path.
• . . common when transmissions are from a

high altitude satellite.

DISTORTION OF SIGNALS TRANSMITTED

THROUGH THE IONOSPHERE

R. L• Greenspan, MITRE Corp., Bedford,

Mass., Aug• 1963, 23p., Rept. no. W5810,
AD 415 013.

• . . The effect of the ionosphere on signal

transmission is obtained by inversion of a

Fourier integral, and the relevance of group

velocity, signal velocity, and time delay

concepts is examined. The dispersions

decrease the output signal of a typical UHF

correlation receiver by less than 3 db for

normal ionospheric conditions.

1.632: Regular Characteristics of the Ionosphere

Included: Fading period at vertical and oblique incidence; Frequency scintillations; Influence of

regular solar activity on the ionosphere; Spread-F effects; True height of the ionosphere; Group

height of the ionosphere; Phase height of the ionosphere; Changes in the phase path; Critical

frequencies; MUF (maximum usable frequency); E s layer; Ionospheric wave guidance modes;
Ionic structure of the ionosphere; Ionospheric forward scattering in general.

Not Included: Ionospheric theories in general; Geophysics of the ionosphere; Magneto-ionic

theory of electro-magnetic waves.

Cross References: Irregular characteristics of the ionosphere (1. 633); Analysis of multipath and

fading channels (1. 612); Ionospheric propagation for special frequency ranges (Sect. 1.4);

Geographical specialties of ionospheric characteristics (1. 637); Ionospheric scatter communications

links (1. 663); Equatorial spread-F effect (1. 637).

Principal Publications:

REPORT ON URSI COMMISSION III-

IONOSPttERIC RADIO PROPAGATION

L.A. Manning, Proc. IRE, vol. 46, July

1958, p. 1362/1366.

SOME QUESTIONS ON TIIE DISPERSION OF
RADIOWAVES IN TlIE IONOSPItERE

V.D. Gusev, Radio Engng. Electronics,

vol. 4, no. i, 1959, p. 15/22.

The part played by non-uniform waves

in the angle spectrum of a dispersed field

is ascertained when the ionosphere is

illuminated by plane and divergent waves.

The full time-space correlation function is
given.
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"AN ANALYSIS OF DRIFTS OF THE SIGNAL

PATTERN ASSOCIATED WITH

IONOSPHERIC REFLECTIONS

D•G• Yerg, J• Geophys• Res., vol• 64,
Jan. 1959, p• 27/33.

DIRECT HF BACKSCATTER FROM THE

F REGION

HoF• Bates, J. Geophys. Res. vol. 65,

no. 7, July 1960, p. 1993/2002•

CONSTANT IONOSPHERE HEIGHT FOR

AUDIO-FREQUENCY PROPAGATION

(Correspondence)

F. Hepburn, Nature, vol• 185, no° 4713,

Feb. 1960, p• 599.

SUNSPOT-CYCLE VARIATIONS IN THE

DISCREPANCIES BETWEEN PREDICTED

AND OBSERVED FREQUENCIES FOR

USE IN RADIOCOMMUNICATION

R.J. Hitchcock, et al., Proc• Instn. Elect•

Engrs., Part B, vol• 107, no. 35,

Sept. 1960, p. 423/426•

MEASUREMENTS OF CHANGES IN THE

PHASE PATH OF RADIO WAVES

REFLECTED FROM THE IONOSPHERE

AT NORMAL INCIDENCE

R.W. McNicol, et al., Austral. J. Phys.,
vol. 13, no. 2, June 1960, p. 120/131.

Fixed-frequency measurements were made

at Brisbane, using pulse transmissions, of the

changes in phase of radio waves received after

reflection at normal incidence from the various

ionospheric layers ....

EXPERIMENTAL RELATIONS BETWEEN

IONOSPHERIC TRUE HEIGHT, GROUP

HEIGHT, AND PHASE HEIGHT

J.A• Thomas, et al., Austral• J. Phys.,

vol. 13, no. 2, June 1960, p• 132/138.

Computations of ionospheric phase height

at a particular frequency were made using

true height analyses of h•f• curves. Temporal

changes in these computed values agreed well

with experimentally measured changes of phase

path both in the case of regular diurnal varia-

tions and during an eclipse• The true height

analyses were thus shown to be experimentally

reliable, and at the same time one could allot

an "absolute" value to the normal phase-path
records ....

STUDY GROUP VI - IONOSPHERIC

PROPAGATION

Telecommun. J., vol• 27, no. 1, Jan. 1960,

p. 2.

• . . to study various methods . . . above
1.5 Mc/s ....

THE FADING OF RADIO WAVES REFLECTED

FROM THE IONOSPHERE AT OBLIQUE
INCIDENCE
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O. Awe, J. Atmos. Terr. Phys., vol. 21,

no. 2-3, June 1961, p. 120/141•

• • . studied by the use of pulse transmissions

on frequencies near 2 Mc/s. It is found that

echoes reflected from a height of about 90 km
have a fading period of about 1 min• Echoes

from a greater height of about 120 kin, which

usually appear only during or immediately

after magnetic disturbances, have a shorter

fading period of about 6 sec ....

THE FADING OF RADIO WAVES WEAKLY

SCATTERED AT VERTICAL INCIDENCE

FROM HEIGHTS NEAR 90 KM

O. Awe, J. Atmos. Terr. Phys., vol. 21,

no. 2-3, June 1961, p. 142/156•

The fading of radio waves weakly scattered

at vertical incidence from heights near 90 km

was studied• Frequencies between 2 and 3

Mc/s were used. The fading rate was found to

be of the order of 20 maxima/min, considerably
faster than the fading rate for echoes from

the normal E-region observed with the same

frequency .... It is shown that the fading is

mainly due to random movements of the

scattering elements, rather than a steady

drift, and the root-mcan-square velocity of

the scatterers is found to be about 13 m/sec.

RECEPTION OF B. B. C• TELEVISION SOUND

TRANSMISSIONS ON 41.4 MC/S AT HALLEY

BAY, ANTARCTICA

L.W. Barclay, J. Brit. Instn. Radio Engrs.,

vol. 21, no. 1, Jan. 1961, p. 89/92.

The B. B. C. television sound transmissions

from London were monitored at Halley Bay,
Antarctica, on 130 days between April and

October 1958• The observations show that a

large part of the interceptions can be ascribed to

normal F layer propagation. In some months

propagation was better than exptccted and this may

have been due to the presence of abnormally long

hops, though the possibility of some contribution

from E s modes cannot be eliminated ....

COUNTERING THE EFFECTS OF

DECREASING SOLAR ACTIVITY

E.I. Finke, Conf. Proc. Nat. Winter Cony.

Mil. Electronics, vol. 1, Feb. 1962,

p• 270/279, 28 refs.

• . . The current solar cycle, which

reached its peak in 1958, is now rapidly

approaching minimum. During periods of low

solar activity, the severity of ionospheric

disturbances is reduced, but the number of

disturbed days is increased .... Spectrum

usage can be increased by improving long-

range propagation predictions, by increasing

the validity and timeliness of warnings of

ionospheric disturbances and by promulgating

frequency assignments that take full advantage

of available spectrum space ....
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A COMPARATIVESTUDYOFTHE
RUSSIANIONOSPHERE

M. Baron,StanfordResearchInst., Menlo
Park,Calif.,Dec•1962,76p•,
(Technicalrept•no•3),AD298179.

IONOSPHERICRADIO;XIIIthGENERAL
ASSEMBLYOFURSI,LONDON,1960

W•J.Beynon(editor),NewYork,American
ElsevierPublishingCo.,Inc., 1962,262p.

• • • papersanddiscussionsonionospheric
radio. Includedareshortsurveypapers
dealingwith1)theverticaldistributionof
electronsintheionosphere:2)F-region
ionization;3)sporadic-Eregionionization;
4)rocketandsatellitedatafortheionosphere;
5)hydromagneticwavesandVLFemissions;
6)radiostudiesoftheaurora;7)ionospheric
scatteringofradiowaves;and8)ionospheric
drifts....

RAPIDPROCESSESIN THEIONOSPHERE
N.D.Bulatov,etal., RadioEugng:Transl.

ofRadiotekhnika,vol•17,no.12,Dec.
1962,p. 25/30•

• . . resultsofvelocityobservationsmade
inaquietandinadisturbedionosphere....
Therateofphasechangein radiowaves
reflectedfromtheionosphere,causedby
fluctuationsin theheightofthereflecting
layers,isdetermined•Quantitativedataon
thephaseshiftsareobtained....

RADIOWAVEPROPAGATIONANDTHE
IONOSPHERE

Y•A•Al'pert,NewYork,ConsultantsBureau
EnterprisesInc., 1963,394p.

• . . concernedwiththebasicphenomenol-
ogyofradiowavesofdifferentwavelengths,
rangingfrommillimeterstomanykilometers.
Althoughsomesectionsarebasedonthe
author'sownresearches,hehastriedtoinclude
mostoftheresearchresultsandfactualdata.
Thebook'smainconcernis withthephysicsof
thephenomena,butsometheoreticalcalculations
arereviewedandaresumeofexperimental
datais includedandseveralexperimental
techniquesaredescribed•

Thisbookis translatedfromtheRussian.

ANIONOSPHERICPHENOMENONDETECTED
BYDOPPLERMEASUREMENTS
(Correspondence)

P.R.Arendt,etal., Proc.IEEE,vol.51,
no.2, Feb.1963,p. 375/376.

• . . Thisfinestructure. . . knownasfre-
quencyscintillations.OnespecificDoppler
curveofsatellite1959IOTA . • . humpinthe
20McDopplercurveoccursaboutsixminutes
afterthesatellite'sarrival,aboutthetimewhen
thesatellitetraveledfromdarknessintosun-
light. Theobservedincreaseoffrequency
cannotbeattributabletoanabruptchangein
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thesatellite'svelocitycomponent• We can

rule out a change of the frequency in the

satellite's transmitter• The discontinuity in

the general trend of this Doppler curve can

only be attributable to a change in the electron
distribution ....

LIMITING FREQUENCIES AT OBLIQUE

INCIDENCE FOR TWO TYPES OF E S

(Translation)

T.S. Kerblai, Geomagnetism and Aeronomy,

vol. 2, no. 3, 1962, p. 406/410, A64-
13102.

Estimation of the frequencies reflected

upon oblique incidence for two E S models (a

thin layer and a layer with a high ionization
gradient). It is noted that, in contrast to the

muf of regnlar layers, the frequencies

reflected from the Es-layer depend on power

radiated and on the sensitivity of the

receiving equipment . . . It is concluded

that, on communication circuits, high muf

values that exceed the values may be ex-

plained if reflections from the types of E S-
layer considered are taken into account ....

SOME RESULTS FROM THE STATISTICS

OF VARIOUS TYPES OF E S-LAYER
T.S. Kerblai, Geomagnetism and Aeronomy,

vol• 2, no. 3, 1962, p. 411/418, 10 refs.,

A64-13103 (Translation).

Presentation of a picture of the distribution

of various types of the ES -layers and their

regularities for a number of stations located

in various regions of the Earth. The diurnal

variations of the probability of occurrence of

foEs and fbEs values exceeding 3 Mc were

obtained for each type of E_ (according to

international classification_ from data of 25

ionospheric stations ....

IONIZATSIIA VERKHNEI ATMOSFERY

KOROTKOVOLNOYYM IZ LUCHENIEM

SOLNTSA (Ionization of the Upper

Atmosphere by Short-Wave Solar

Radiation)

Ivanov-Kholodnyi, tr. by Zanis Stuberovskis,

Emmanual Coll., Research Language

Center, Boston, Mass•, Feb. 1963, 33 p.,

AFCRL Trans. no. TR63 1, AD 415 483.

Taking into account new data about the

energy and spectrum of short-wave solar

radiation, the absorption of radiation and the

rate of ion-formation in the atmosphere at

heights of 100-800 km were calculated for

different times of the day .... diurnal

variation of h sub e in the E, F1, and F2

regions were explained .... possible to

explain a number of ionospheric effects.

Conclusions were drawn concerning the
value of the effective coefficient of recom-

bination.

HIGH FREQUENCY PHASE STUDIES

D.R. Macken, GriffissAFB, N.Y., Space
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Defense Systems Lab•, Nov. 1963, 50 p•

refs., (RADC-TDR-63-389; AD 287 785)

N64-12307.

• . . From May 1962 through January 1963,

recordings were made of relative signal

intensity, fade rate, azimuthal direction of

arrival, and changes in phase path length of an

HF signal propagated over a great circle

distance of 4400 kin.., correlated with solar

flare activity and with possible traveling

ionospheric disturbances.

OBSERVATIONS OF IONOSPHERIC MOVE-

MENTS BY INCOHERENT SCATTERING

G.H. Millman, et al•, J. Geophys. Res.,

vol. 68, May 15, 1963, p. 3323/3327,

11 refs•, A63-22978.

• . . detection of apparent ionospheric

movements by the incoherent backscatter

technique. The observations were made at

Trinidad, West Indies, with a high-powered

pulsed radar operating at a frequency of
425 Mc ....

PHENOMENA DURING THE GROWTH AND

DECAY OF SPREAD-F

M.S. Rao, et al., J. Brit. Instn. Radio Engrs.,

vol. 25, no. 5, May 1963, p. 445/448.

Continuous observations of the ionospheric

echoes at the time of the onset of spread-F

and during the decay of the same, yielded

useful information. Two different types of
spread-F onset are described ....

PROJECT FLAYER III, A STUDY OF
SPREAD-F ECHOES FROM THE

IONOSPHERE

J. Renau, et al., Cornell Aeronautical Lab.,

Inc., Buffalo, N.Y., Final rept., Aug. 1963,

48 p., CAL Rept. no. RA1684PI, AD 430
349.

Forty-four cases of Spread-F echoes at 2.4

Mcs were analyzed and the following conclusions

were drawn: 1. The width of the video fading

spectrum is commonly less than 1/2 cps

although occasionally some of the spectra are

as wide as 1 cps with much weaker com-

ponents at 2 cps. 2. The amplitude distri-

bution of Spread-F echoes at 2.4 Mcs

obtained from one minute data runs are

Rayleigh or Rice distributed only for the

strongest and lower altitude echoes. The

echoes from the largest slant ranges (and

presumably higher altitudes) . . . show an

unexpectedly large proportion of small or

zero amplitude signals, a situation which

suggests a sporadic nature of Spread-F

echoes• 3. The amplitude correlation co-

efficient evaluated at 1700 foot (4 wavelength)

spacing is typically much less than 0.4

implying that the cone angle of Spread-F

echoes is commonly greater than 5 degrees•
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THE IONIC STRUCTURE OF THE

IONOSPHERE

Wo Swider, Ionosphere Research Lab.,

Pennsylvania State U., University Park,

15 Dec. 1963, 124 p., Scientific Rept.
201, AFCRL 63 913, AD 427 879.

• . . aeronomic study of the behavior of

positive ions in the 100-300 km region of the
ionosphere. The production of ions due to

solar radiation and the recombination pro-

cesses for ions are analyzed in terms of a

basic atmospheric model . . . Sunrise (or
sunset) production is studied in terms of

functions which take the sphericity of the

earth into account... The nighttime ionosphere

is investigated by means of certain decay schemes.

The rapid consequence of the effect of production...

SOME THEORETICAL ASPECTS OF VER-

TICAL INCIDENCE PHASE PATH STUDIES

L.H. Tveten, National Bureau of Standards,

Boulder, Colo., 12 Aug. 1963, 32 p.,
AD 414 524.

Different ionospheric phenomena are

discussed relative to their effects upon ver-

tical incidence phase path length measurements.

The variation in phase path lengths as a

function of geomagnetic latitude for 2 and 4

Mc with the injection of ionization at different

levels is explored in some detail•

DEVIATION OF CRITICAL FREQUENCIES ON

QUIET AND DISTURBED DAYS FROM THE

MONTHLY MEDIAN VALUE

E.M. Zhulina, Geomagnetizm i Aeronomiia,

vol. 3, no. 4, 1963, p. 707 (In Russian),

Geomegnetism and Aeronomy, vol. 3,

no. 4, 1963, p. 569/571 (Translation),
A64-17037.

Analysis of the data for 14 ionospheric

stations situated at high and middle latitudes

to compare the median values of the critical

frequency of the F2 layer obtained on quiet and

disturbed days, with media values for all days

of the month• The analysis was made for

periods of high (1957-1958), medium (1961)

and low (1954-1955) solar activity . . .

INVESTIGATION OF HF/VHF IONOSPHERIC

WAVEGUIDANCE MODES

Raytheon Co., Bedford, Mass., Final rept.,

1 May 1963-15 March 1964, 15 March 1964,
154 p., Rept. no. BR2893, AD 436 761.

• . . experimental activity.., investigation

of the "whispering gallery" behavior of the

earth's ionosphere below the F2 layer max-

imum, at HF and VHF. Endo-ionospheric

waveguidance propagation has been investigated
by using ground-based links in the band 20 to

50 mc/s .... endo-ionospheric waveguidance
mechanism .... At 30 and 40 mc/s burst-

type signals have been received at the Arcetri

terminal, having the characteristics of meteor

scattering. At 50 mc/s a link was operated



1.633

betweenJicamarca,PeruandLittleton,Mass.,
butnofirmevidenceofreceptionwasobtained.

PROCEEDINGSOFTHEINTERNATIONAL
CONFERENCEONTHEIONOSPHERE,
LONDON,JULY1962

London:TheInstituteofPhysicsandthe
PhysicalSociety,1963,528p•

• . . heldatImperialCollege.... The
proceedingscontains81articles,dividedinto
4sections. . . withanadditionalsection
givingpreliminaryresultsfromthefirst
Anglo-AmericansatelliteUK1.

Related Publications:

A STUDY OF PHASE FADING OF

IONOSPHERIC REFLECTIONS

P.E. Monro, Austral• J. Phys., vol. 15,

no. 3, Sept. 1962, p. 387/404.

Pulsed 2.28 Mc/s radio waves were

transmitted and measurements were made

on the first-hop, vertically-incident reflections

from the ionosphere ....

• . . The principal objective is to develop

suitable models, or concepts of transmission,

via HF ionospheric links, on which to base

predictions of performance given the expected
channel conditions•

EXPERIMENTAL MF/HF PHASE PATH

STUDIES

H.E. Petrie, et al., National Bureau of

Standards, Boulder, Colo., 14 Aug. 1963,

lv., AD 416 335.

• . . experimental measurements on phase

path changes and group path time delays of MF

and HF signals reflected from the ionosphere

at vertical and oblique incidence are discussed

and analyzed with a view to the value of these

types of measurements in detection of deep

space nuclear detonations•

ELECTROMAGNETIC NONLINEAR INTER-

ACTION AND REFLECTION FROM A

PLANE IONIZED MEDIUM

O.E. Rydbeck, Ionosphere Research Lab.,

Pennsylvania State U., University Park,

15 April 1963, 48 p. (Scientific rept. no.

183) (AFCRL 63-291), AD 299 981.

MICROWAVE RADIO RELAY. IONOSPHERIC

TRANSMISSION MODELS. TASK 5. COR-

RELATION BETWEEN TRANSMISSION

PARAMETERS OF DISPERSIVE CIRCUITS

AND SYSTEM PERFORMANCE FOR APPLI-

CATION TO ADAPTIVE COMMUNICATIONS

SYSTEMS

M. Masonson, et al., RCA Defense Electronic

Products, New York. Final rept., 28 March-

30 Sept. 1963. 30 Sept. 1963, 256 p•, Rept.

no. CR63 419 12, AD 436 390.

DISTORTION OF MULTITONE FM SIGNALS

DUE TO PHASE NONLINEARITY

P.D. Shaft, IEEE Trans. Space Electronics

Telemetry, vol. SET-9, no. 1, March

1963, p. 25/35•

• . . to determine the distortion which

results from propagation through the
ionosphere .... the modulation will be an

ensemble of sine waves which is similar to

a band of white noise ....

1. 633: Irregular Characteristics of the Ionosphere

Included: Ionospheric irregularities; Sporadic E events; F-scatter effects; Ionosphere dynamics;

Ionospheric disturbances; Ionospheric storms; Short-wave fadeouts; Blackouts; Antipodal transmis-

sion effects; Solar bursts; Solar flares; Radio bursts.

Not Included: Nonlinear effects in the ionosphere; Luxemburg effect•

Cross References: Equatorial VHF ionospheric communications (1.637); Irregular polar

propagation effects (1. 637).

Principal Publications:

AN INVESTIGATION OF SIGNAL AMPLITUDE

TO BEARING DEVIATION CORRELATION

AS A FUNCTION OF TIME IN HIGH

FREQUENCY RADIO DIRECTION FINDING

A. D. Bailey, et al., Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p. 1015/1028.

• . . based on the application of a method

described by Licklider and Dzendolet and

extended by Sugar. Statistical scatter diagrams

of the signal amplitude vs. bearing deviation of

high frequency radio direction finder signals may

be displayed on a cathode ray oscilloscope•

• . . A comparison is made between the actual

data and that of plausible idealized Rayleigh-

Gaussian distributions ....

SPORADIC E AT VHF IN THE USA

R. M. Davis, Jr., et al., Proc. IRE, vol. 47,

May, 1959, p. 762/769.

SHORT-WAVE FADEOUTS WITtIOUT REPORTED
FLARES

H. DeMastus, et al., J. Geophys. Res., vol. 65,

no. 2, Feb. 1960, p. 609/611.

PECULIAIRTIES OF THE IONOSPHERE IN THE

FAR EAST: A REPORT ON IGY OBSERVA-

TIONS OF SPORADIC E AND F-REGION

SCATTER
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E. K.Smith,Jr., etal., J. Geophys.Res.,
vol.65,no.3, March1960,p. 885/892•

STUDIESOFIONOSPHERICFORWARD
SCATTERINGUSINGMEASUREMENTSOF
ENERGYDISTRIBUTIONINAZIMUTH

W.C. Bain,Proc.Instn.Elect.Engrs.PartB,
vol. 108,no.39,May1961,p. 241/252.

A YEAR'SSTUDYOFTHEINDEXOFIONO-
SPHERICSTORMINESS

H. S.Marsh,etal., Conf.Proc.Nat.Cony.
Mil. Electronics,vol.5,June1961,p. 364/391,
14refs.

Hours-inperdayandotherattributeshavebeen
recordedandstudiedonselectedWWVandCHU
frequenciessinceJune1959... Bycomparison
ofdisturbeddayswithmonthlyquietdayaverages,
indicesofstorminess-contractionoftheuseful
pathspectrum,ofMUFandLUFdeviations,and
MUF/LUFindexshowingwhetherspectrumdamage
ismainlyduetoMUForLUFdeviationarefound•. .
SOLARACTIVITYANDTHEIONOSPHERE
N. I. Bugoslavskaia,NewYork,Pergamon

Press,Inc., 1962,56p., Translationof
SOLNECHNAIAAKTIVNOST'IEEVLIIANIE
NAIONOSFERU,Moscow,Sviaz'izdat,
1962,TranslatedbyG. O.Harding,
A63-24418.

• . . intendedfor radiocommunications
specialists,givesinformationonthecomposi-
tionofsolarradiation,andabouttheconnection
betweengeomagnetic-ionosphericstorms,
whichaffecttheregularoperationofradio
communications,andtheradiationfromactive
regionsoftheSun.

R-FBLACKOUTPHENOMENA;AN
ANNOTATEDBIBLIOGRAPHY(1959-1962)

G.R.Evans(comp.),LockheedMissilesand
SpaceCo.,Sunnyvale,Calif.April 1962,
86p., 150refs., AD278678,N63-16516.

. . . ionizationoftheair aroundthereentry
bodyin thepresenceofappliedmagneticfields
createsanR-Fblackout.... informationon
thetheoreticalandexperimentalstudiesofthe
causesoftheR-Fblackoutphenomenonand
possiblesolutionstotheproblem.Theperiod
coveredis 1959to February1962.

PROPAGATIONTHROUGHA DISTURBED
IONOSPHERE:EFFECTUPONRANGE
ANGULARRESOLUTION.PROJECT
WIDEBAND.

W.A. Flood,CornellAeronauticalLab.,
Inc.,Buffalo,N.Y., RadioAstronomy
report,Jan.1962,31p., Rept.no.UB-
1363-P-4,RADCTDR63-103,AD297933.

STUDYOFHF FREQUENCIESFOREXO-
ANDENDO-IONOSPHERICCOMMUNICA-
TIONS

M.D. Grossi,etal., RaytheonCo.,Bedford,
Mass.,Interimrept.no.1, 28March-

28June1962,12July1962,66p., incl.
illus., tables,23refs., Rept.no.BR-
1855,AD278296.

• • . variousmodelsofionospheric
irregularitiesanddiscontinuities....

CHARACTERISTICSOFTYPEHI RADIOBURSTS
J. M.Malville,Astrophys.J. 136:1,July1962,

p. 268/275,AD407688.

Observationsofthedriftrate,duration,and
frequencyrangeoftypeIII burstsbetween580and
8mearediscussed.Thedrift ratebelow40me
issystematicallylowerthanexpectedfromthe
interferometriemeasurementsinthe60-45me
range.... Anobservedmeandurationof5
secondsat25inc... Thebandwidthofthebursts
shouldbedeterminedprimarilybytheradial
extentoftheexcitingagentandbythermaldensity
fluctuationsinthecorona.

IONOSPHERICIRREGULARITIESDETECTABLE
INV. H. F. IONOSPHERICPROPAGATION

K. Tao,Rep.IonosphereSpaceRes.,vol. 16,
no.2,June1962,p. 275/278•

It is suggestedthatit maybepossibleto
investigatetheirregularitiesin theionosphere
correspondingtoD-scatter,sporadic-E,and
F-scattersignalsfromobservationsofv.h.f.
ionosphericpropagation.

A STUDYOFIONOSPHERICIRREGULARITIES
H. Boen,etal., NorwegianDefenseResearch

Establishment,Technicalsummaryrept.,
10March1963,92p., AD410553.

• . . studyingthecorrelationbetweenradio
wavesreflectedatcloselyspacedfrequencies•
Severaldifferentmodelsareconstructedofthe
ionosphere. . . oftheequipmentusedinthe
observations.

SOLAREFFECTSONRADIOWAVEPROPAGA-
TION

M.Bossolasco,etal., InAgard,Paris,TheEffect
ofDisturbancesofSolarOriginonCommun.
1963,p. 177/183,refs.,N64-15441.

• . . Someresultsregardingthereceptionof
WWVsignals(on15Mc/s)atGenovaarepresented.

SUDDENFREQUENCYDEVIATIONSINDUCED
BYSOLARFLARES

K. L. Chart,etal., J. Geophys.Res.,vol.68,
May15,1963,p. 3197/3224,53refs.,A63-
22968.

• . . (SFD)inducedonHFradiowavesbysolar
flares.... identifyingandanalyzingSFD'sand
relatedtheoriesonabsorption,recombination,
andtheshapeofSFD'saredescribed•Morethan
5,200hrofcontinuousandsimultaneousrecordings
oftheinstantaneousfrequenciesoffourlong-
distancestable-frequencytransmissionpathswere
used.... TheseveralpeaksinaSFDare
interpretedasduetosuccessiveenergyoutbursts
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fromtheSunduringasolarflare. Theperiod
betweensuccessiveburstvariesfrom1/2to4
min,theaverageintervalbeing2min.

EQUATORIALSTUDYOFIRREGULARITIES
IN THEIONOSPHERE

B. R.Clemesha,etal., GhanaU. (Africa),
Finalrept.,Oct.1960-Aug.1963,Aug.
1963,67p., AFCRL63532,AD430914.

• . . covers1960-63resultsonoblique
incidence,satellitescintillation,Dregion
scatter,shapeofirregularitiesinDandE
regions,flutterfading,anddirectback-scatter
fromtheF region•

EQUATORIALSTUDYOFIRREGULARITIES
IN THEIONOSPHERE

B. R.Clemesha,etal., GhanaU. (Africa),
Summaryrept.no.2, Oct.1961-Dec.1962,
1March1963,40p., AFCRL63197,AD
410983.

• . . experiments•. .designedtoinvestigate
F regionirregularitiesbymeansoftheback-
scattertechniquearedescribed•. . The
resultsshowtheseasonalandnocturnal
variationsin theoccurenceofirregularities
whichscatter18Mc/s signals. . . The
resultsarediscussedinthelightofinformation
obtainedbyotherworkersusingdifferent
techniques...

TItEINFLUENCEOFSOLARDISTURBANCES
ONVERYLOWFREQUENCYRADIOWAVE
PROPAGATIONOVERA LONGHIGH-
LATITUDEPATH

A. Egelaad,etal., InAgard,Paris,The
EffectofDisturbancesofSolarOriginon
Commun.,1963,p. 79/100,refs., N64-
15433.

• . . effectsofsolarandterrestrial
disturbancesonthepropagationconditionson
16kc/sradiowavesbetweenRugby,England
• . . andKiruna,Sweden...adistanceof
about2,100kin. Theprincipalfindings•. .
(1)BetweenSeptember1958andMarch1961
therewere14periodsduringwhichthesignal
strengthofVLFradiowavesshowedlittleor
nodiurnalvariation•(2)SIDsdonotinfluence
thesignalstrengthof16kc/sradiowaveson
thehigh-latitudepathstudied.(3)Nodirect
correlationbetweensunspotnumbersandthe
yearlyVLFfieldstrengthhasbeenfound°. .
(5}No"blackout"periodswerenoted•. .(6)
AnauroralD-layermayinfluencethe
propagationconditionsforVLFradiowaves
considerably.

THEEFFECTOFDISTURBANCESOFSOLAR
ORIGINONCOMMUNICATIONS

G.J. Gassmann(editor),NewYork,Pergamon
Press,1963,358p., refs., Paperspresented
at6thAnn.Symp.ofIonosphericRes.
Comm.,AgardAvionicsPanel,Naples,
1961,(AGARDograph59),N64-15426.
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VERYLONGDISTANCEPROPAGATION
N. C.Gerson,J. ofAtmos.Terr. Physics,

vol.25,Aug.1963,p. 451/465,
A63-23754.

Studyofradiopropagationoveranearlyanti-
podalpathmadeduringJuly1959.... frequen-
ciesbetween12-30Mc . . . pathwasefficient
between1700-2400-1000,localsiderealtime
(LST),receivertime. Forthesefrequencies,
absorptionwasalmostcompletebetween1000-
1700LST,receivertime. A secondaryabsorption
periodoccurred(forfrequenciesbelow12Mc)
between2000-0300LST,receivertime.... the
actualreceptionoveracloselyantipodalpath
provedsuperiortothatexpectedfromtheusual
MUFtypeofprediction.

RADIOCOMMUNICATIONCONDITIONSAT
HIGHANDMIDDLELATITUDES

E.E. Goncharova,etal., (Geomagnetizmi
Aeronomiia,vol.3, no.1, !963,p. 94),In
Russian,GeomagnetizmandAeronomy,vol.
3, no.1, 1963,p. 75/82,14refs., Translation,
A64-15810,N64-16421,AD412048.

• . . Prolongedinterruptionsinradio
communicationoccurredduringstrongmagnetic-
ionosphericdisturbances.Interruptions
occurredonlongrangeradiotransmissioneven
whentheionospherewasquiet....

SOMERELATIONSHIPSBETWEEN10.7-
CENTIMETERSOLARNOISEBURSTS,
FLARES,ANDSIIORT-WAVEFADEOUTS

G.A. Harvey,AstrophysicalJournal,vol. 139,
Jan.1, 1964,p. 16/44,10refs., A64-15536.

Investigationoftherelationshipbetween1953
solarnoisebursts.... 4527flares,and928
shortwavefadeoutsthatoccuredduringconcurrent
observingperiodsfromJuly,1957,toDecember,
1960.Attentionis focusedontheimportanceand
typeofthefadeouts,andtheintensity,energy,
andtypeofthebursts....

W.W.V°RECEPTIONIN THEARCTICDURING
IONOSPHERICDISTURBANCES

G. E. ttill, etal., J. Res.Nat.Bur.Stand•,
vol.67D,no.2, March-April1963,p. 179/182.

H. F. COMMUNICATIONDURINGIONOSPHERIC
STORMS

G. E.Hill, J. Res.Nat.Bur.Stand•,vol.
67D,no.1,Jan.-Feb.1963,p. 23/30•

A hypotheticalcommunicationnetworkwasset
uptostudysystematicallytheproblemofh. f.
communicationsduringdisturbedionospheric
conditions•Verticalincidenceradiodatawas
usedasthebasisfor determiningtheconditionof
theionosphere.Frequenciesandlinksavailable
werecomputedfor aperiodofsevereionospheric
disturbance•Importantspatialandtemporal
variationsareclearlyevidentbythisanalysis.
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• SPIRAL DISTRIBUTIONS OF BLACKOUTS
AND MAGNETIC ACTIVITY IN THE
SOUTHERN HEMISPHERE DURING THE

IGY PERIOD

L. A. Iudovich, (Geomagnetizm i Aeronomiya,
vol• 3, no. 3, 1963, p. 520), In Russian,

Geomagnetism and Aeronomy, vol. 3, no. 3,
1963, p. 423/426, 10 refs., Translation,
A64-15754.

Investigation of diurnal variations of the
occurrence of blackouts at different seasons

of the year during the International Geo-
physical Year (IGY) period. The data for
fourteen vertical sounding ionospheric stations
at high latitudes... The time of the maximum
in the frequency of occurrence of blackouts is

characterized by a spiral distribution ....

THE INFLUENCE OF POLAR BLACKOUTS
ON VLF CIRCUITS

B. Landmark, In Agard, Paris, The Effect
of Disturbances of Solar Origin on Commun.

1963, p. 65/77, refs., N64-15432.

• . . There are at least two major types of
polar radio blackouts. The most common
type, which is normally referred to as the

auroral type, is closely related to magnetic
disturbances, and occurs most often near the
zones of maximum auroral activity.., have

no great effect on the VLF circuits. The
other type of polar blackout which is normally
referred to as polar-cap-type events or proton

events, is not closely related to magnetic
activity, and occurs over most of the polar
cap simultaneously. During these events, a
significant reduction of the strength of the
VLF signals has been observed.

MODEL STUDIES OF THE INFLUENCE OF

IONOSPHERE PERTURBATIONS ON VLF
PROPAGATION

S. W. Maley, et al., Colorado Univ., Boulder,
Technical summary rept., 1 Jan. 1962-
1 Jan. 1963, 1 Jan. 1963, Iv., AD 420 379

• . . the use of models to study propagation
in the earth ionosphere-waveguide for cases
in which the effective height of the ionosphere

changes along the path of propagation. The
models in this investigation will be used to
directly gain information as to the effect of
perturbations in the ionosphere upon

propagatioc . . .

IONOSPHERE DYNAMICS
G. H. Munro, et al., Proc. IEEE, vol. 51, no. 11,

Nov. 1963, p. 1475/1481.

• . . In recent years, the attention of research
workers has turned more and more to the study

of irregularities and movements in ionization.
Irregularities examined range in size from the order
of hundreds of kilometers to tens of meters and

apparent speeds of movement also show a wide
variation .... Recent observations with a high

speed ionosonde, and recordings of signals from

earth satellites are throwing new light on these
phenomena, which at first may seem to increase
the complexity, but on closer examination are
tending to clarify results and point out methods of
attack on the unresolved problems•

RADIO PROPAGATION QUALITY IN THE
NORTH ATLANTIC AREA 1953-1960

M. E. Nason, In Agard, Paris, The Effect of
Disturbances of Solar Origin on Commun.,
1963, p. 287/291, N64-15449.

. . . study.. •of HF radio propagation
disturbances, to determine the frequency of
occurrence and the duration of disturbances on

a monthly, seasonal, and yearly basis ....

INFLUENCE OF SOLAR FLARES ON TRANS-

ARCTIC HF PROPAGATION

J. Ortner, In Agard, Paris, The Effect
of Disturbances of Solar Origin on Commun.,
1963, p. 101/107, N64-15434.

• . . conclusions• . . SIDs have only been

observed in summer accompanying important
3 and 3+ solar flares. (2) Flares emitting solar
protons with relativistic velocities were followed

by absorption starting a few hours after the flares
and lasting for several days (3) The correlation
of absorption with geomagnetic activity as
observed for Kiruna seems to be fairly good for

the 18 Mc/s receptions.

MF/HF EXPERIMENTAL PHASE PATH
STUDIES

H. E. Petrie, et al., NBS, Boulder, Colo.,
7 Jan. 1964, 37 p., AD428 330.

• . . experimental measurements on phase
path length changes and group path time delays
of MF and HF signals reflected from the ionosphere
at vertical and oblique incidence... Examples

of phase path anomalies induced by solar flares
are discussed and phase path length changes

observed during the eclipse of July 20, 1963 are
discussed.

AN EXPERIMENTAL INVESTIGATION OF
SIGNAL STRENGTH IN THE AREA
AROUND A TRANSMITTER'S ANTIPODE

R.M. Pipp, et al., J. Res. Nat. Bur. Stand•,
Section D - Radio Science, vol. 68D,

March 1964, p. 333/337, 7 refs., A64-
15850.

Observations were made of signal strength
as a function of distance from the antipode
of an HF transmitter• A 15.9-Mc, 5-kw
beacon transmitter was located at Perth,

Western Australia, whose antipode is within
90 km of St. George, Bermuda• In December

of 1961, an airborne receiving system was
used to record signal strength to a range of
1600 km in each of the four cardinal compass
directions from Bermuda. The airborne
measurements were normalized with similar

measurements recorded at a fixed receiving
site at Bermuda... the area of antipodal
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1. 634: Characteristics of the Troposphere and of the Lower Atmosphere.

Included: Reflections from D-layer; Atmospheric ducts•

Cross References: Tropospheric scatter communications links (1. 664).

Prmclpai PuE)lications:

ROLE OF TURBULENT SCATTERING IN LONG-

DISTANCE RADIO PROPAGATION AT METRE

WAVELENGTHS

F. A. Kitchen, et al., Nature, vol. 182, Aug. 1958,

p. 302/304.

SUCCESSFUL VHF COMMUNICATIONS FOR

2540 MILES AT 144 MC AND 222 MC

J. T. Chambers, IRE-URSI Joint Meeting- Oct.

19-21, 1959, San Diego, Calif.

TROPOSPHERIC SCATTER PROPAGATION

CHARACTERISTICS

A. J. Svien, et al., IRE Nat° Cony. Rec., Pto 1,

vol. 7, 1959, p. 3/9.

THE TRADE-WIND INVERSION AS A TRANS-

OCEANIC DUCT

M. Katzin, et al., J. Res. Nat. Bur. Stand.,

vol. 64D, no. 3, May-June 1960, p. 247/253.

VLF PROPAGATION EFFECTS OF A D-REGION

LAYER PRODUCED BY COSMIC RAYS

W. F. Moler, J. Geophys. Res., vol. 65, May

1960, p. 1459/1468.

RADIO AND RADAR EXPERIMENTS

Brit. Commun. and Eleetrics, vol. 7, no. 4,

April, 1960, p. 286.

Our American Correspondent discusses a

newly-discovered radio propagating channel

in the lower atmosphere which may provide a

reliable means of intercontinental communications•

Details are also given of Man's first radar contact

with the Sun.

RADIO DUCTS CONFIRMED

Aviation Week, vol. 72, no. 8, Feb. 1960, p. 70.

PRECIPITATION SCATTER AS AN INTERFER-

ENCE SOURCE IN COMMUNICATION

SATELLITE SYSTEMS

A. S. Dennis, IRE Internat. Conv. Rcc•, vol. 10,

no. 1, March 1962, p. 145/151, 24 refs.

• • . Communication satellite systems operating

at frequencies as high as 3 Gc are now in the active

planning stage. A number of recent papers have

dealt with the interference produced at the ground

receiving sites of such systems by tropospheric
scatter from sources below the radio horizon.

ttowever, theoretical and experimental data from

the field of radar meteorology show that scattering

by precipitation particles at 3 Gc can easily exceed

the tropospheric scatter component by several

orders of magnitude•

RADIO-WAVE PROPAGATION IN THE

TROPOSPHERE: PROCEEDINGS OF

COMMISSION II OF THE XIIIth GENERAL

ASSEMBLY OF URSI, London, 1960

J. A. Saxton (editor), New York

American Elsevier Publishing Co. Inc.,

1962, 199 p.

MEASUREMENT OF AN ELECTRON DENSITY

AND COLLISION FREQUENCY PROFILE

IN THE LOWER D REGION DURING
POLAR RADIO BLACKOUT CONDITIONS

B. Bjelland, et al., Norwegian Defence

Research Establishment, 18 Feb. 1963,

37 p•, AD 408 288.

A rocket range has been established at

Andya in North Norway... On 18 August

1962 the first Nike Cajun rocket was

successfully fired. The purpose of the

experiment was to measure electron density

and collision frequency in the lower D region

during polar radio blackout conditions• . .

PROPAGATION OF RADIO WAVES WITH

FREQUENCY 99.9 MHZ AS A FUNCTION

OF THE VERTICAL STRUCTURE OF THE

ATMOSPHERE DERIVED FROM DAILY

RADIOSONDE OBSERVATIONS

G.P.A. Braam, J. Res. Nat. Bur. Stand., Section D -

Radio Science, vol. 68D, Feb. 1964, p. 257/260,

14 refs., A64-14891.

Investigation of the practicability of using
routine radiosonde observations to forecast

propagation of high frequency radio waves
from a source below the horizon. Normal

refraction and super-refraction and/or

reflection are meteorological factors affecting

UItF propagation... It is concluded that

apart from a large refractive index gradient,

a stable lower-level atmosphere is conducive

to abnormal propagation.

REFLECTIONS FROM AN EXPONENTIAL

ATMOSPHERE

K. Bullington, Bell Syst. Tech. J., vol. 42,

no. 6, Nov. 1963, p. 2849/2867.

A quantitative explanation of tropospheric

radio propagation is derived without the

use of arbitrary numerical factors. It is based

primarily on the average value and the standard
deviation of the index of refraction at the

earth's surface, both of which decrease

exponentially with height.

This method seems to bridge the gap between

the internal reflection and scatter hypotheses.

• • •

AIR-MASS EFFECTS ON TROPOSPHERIC RADIO

SCATTER

L. H. Doherty, Canad. J. Phys., vol. 42, April

1964, p. 608/615, A64-17457.

Significant differences in signal level and

variability on a 2720-Mc 90-mile scatter

propagation path are shown to be related to the air

mass present over the path. Periods of super-

refraction are almost always associated with mari-

time arctic air. Maritime tropical air results in a

very stable, relatively high signal level. Continen-
tal arctic air, on the other hand, is associated with

low signal levels which exhibit a reversed diurnal
variation•

272



1.634

UBER TROPOSPHARISCHE SCHATTENZONEN IN

DER UKW-AUSBREITUNG (On Tropospherieal

Skip-tones in UHF Propagation) (In German)'

G. Eckart, Arch. Elekt. Uebertragung, vol. 17,

Dec. 1963, p. 533/536.

The paper deals with the formation of shadow

zones in VHF propagation because of horizontal

stratification of the atmosphere, especially in the
form of ducts with discontinuous and continuous

transition between two values of the dielectric

constant•

COMPARISON OF PRECIPITATION AND

TROPOSPHERIC SCATTERING CROSS

SECTIONS

F. G. Fernald, et al., Stanford Research Inst.,

Menlo Park, Calif., Jan. 1964, 31 p•, Rept.

no. TRI, AD 434 836.

• . . a means of identifying cases where

precipitation scatter becomes predominant on

scatter links• Two scattering cross sections,

that of gaseous components of the atmosphere and

that of precipitation particles, if present, are

derived as functions of path length, beamwidth,

frequency, and weather conditions ....

SURVEY OF PAPERS ON TROPOSPHERIC

RE FRAC T ION

R. O. Gilmer, et al., New Mexico U. Engineering

Experiment Station, Albuquerque, Feb. 1963,

116 p., (Technical rept. no. EE-86), AD 400
155.

Five hundred eighteen papers concerning

tropospheric refraction and some closely related

topics are referenced in this report. Of these,

191 are abstracted .... Cross listings of authors

and ASTIA numbers are given ....

DETERMINATION OF ISOTROPY PROPERTIES

OF THE TROPOSPHERIC PERMITTIVITY

AND WIND VELOCITY FIELDS BY RADIO-

PROPAGATION METHODS

D. T. Gjessing, J. Geophys. Res., vol. 69,

Feb. 15, 1964, p. 569/581, 13 refs.,
A64-15363.

Presentation of results from a simple radio

beam swinging experiment• The purpose of

the investigation was to consider scattered

radio power and the Doppler spectrum due to

air velocity as a function of the orientation in

space of the plane in which the scattering takes

place... The radio transmitting and receiving

antennas are swung both in azimuth and elevation

in such a way that the scattering angle remains

constant. The permittivity field appears to be

nonisotropie in most cases, and the fluctuating

air velocity field is generally nearly isotropic.

AN EXPERIMENTAL DETERMINATION OF

THE SPECTRUM OF PERMITTIVITY AND

AIR VELOCITY FLUCTUATIONS ALONG

A VERTICAL DIRECTION IN THE

TROPOSPHERE USING RADIO PROPAGA-

TION METHODS

D. T. Gjessing, J. Atmos. Terr. Phys.,

vol. 26, Feb. 1964, p. 273/296, 28 refs.,
A64-16137.

• . . The speed of fading increases linearly

with the scattering angle which suggests that

the fading is caused by multipath transmission

via many moving scattering elements• . . The

experiment was repeated 45 times using a

165 km path and 14 times using a 340 km path,

with a frequency of 6000 Me.

A METHOD FOR PREDICTING APPARENT

ELEVATION ANGLE FOR A TROPO-

SPHERIC TARGET FROM SPECIFIED

VALUES OF GEOMETRICAL ELEVATION

ANGLE AND HEIGHT

P. Milnarich, Army Electronics Research &

Development Activity, White Sands Missile

Range, N. M., Oct. 1963, 12 p., AERDA 67,
AD 422 333.

• . . Assumptions are made that the tropo-

sphere is horizontally homogeneous and that

the index of refraction decreases monotonically

with height above a spherical earth .... tool

for tracking system error analysis, allows for

a direct prediction of apparent elevation angle

for a given target position and for a direct

application of the ray-tracing formula for

computing the corresponding radio range.

TROPOSPHERIC PHASE FLUCTUATIONS AT

S-BAND

H. A. von Biel, Cornell Aeronautical Lab., Inc.,

Buffalo, N.Y., Oct. 1963, 21p., Rept. no.

UB1725 1, RADC TDR63 408, AD 423 223

A tropospheric propagation experiment to

obtain the mean square phase fluctuations at

2250 mc over a 48-mile path is described.

Experimental data pertain to a 10-minute time

interval on a meteorogically quiet day... The

experimental equipment used in this experiment

consisted of four phase-locked interferometers

having baselines of 100 m and 100 m north-south

and east-west. The 2250-mc signal source was
carried on board a B-57 aircraft at a mean

altitude of 40,000 ft•

Related Publications:

THE ELONGATION OF IRREGULARITIES IN

THE EQUATORIAL IONOSPHERE

B. R. Clemesha, J. Geophys. Res., vol. 68,

May 1, 1963, p. 2363/2366, A63-16708.

Correlation analysis of spaced aerial fading

measurements for medium-frequency radio

waves scattered from the D and E regions at

a location near the magnetic equator ....

there is a slight . . . elongation of the diffrac-

tion pattern on the ground for echoes from 80

and 90 km, and considerable elongation for
echoes from above 90 km ....

SPECTRAL CHARACTERISTICS OF PHASE-

DIFFERENCE FLUCTUATIONS (Translation)

A. V. Men', Teleeommun. Radio Engineering,

Part 2 - Radio Engineering, July 1963,

p. 24/32, 10 refs., A64-15463.

• . . for waves propagating in a turbulent

medium...
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receptionwasfoundtobeapproximately500
kmin radiuswithaminimumofsignalstrength
ataradiusof 1050km. Someevidencewas
obtainedwhichindicatesthattheseresults
varyasafunctionoflocaltime....

SUDDENIONOSPHERICDISTURBANCESAND
THEPROPAGATIONOFVERYLOW
FREQUENCYRADIOWAVES.PARTII:
WHISTLERTAPEANALYSISAND
INSTRUMENTDEVELOPMENT

A. L. Whitson,etal., StanfordU., Calif.,
Finalrept.,April1963,60p., AD410598.

Theeffectsofasuddenionosphericdisturb-
ance(SID)onatmosphericnoisewereinves-
tigatedusingdatacollectedduringtheInter-
nationalGeophysicalYearandtheInternational
CooperationYear. DuringanSID,atmospheric
noiseisenhancedatfrequenciesabove12and
belowi kc. At frequenciesbetween3and10
kc, it is decreased.A simpledevicethat
recordstheratioofatmosphericnoiseat
27kcovernoiseat6kcwasdevelopedasan
SIDdetector...

1.635: CharacteristicsofWavePropagationNeartheEarth'sSurface

included:Groundbackscatterpropagation;Propagationinfluenceofpowerlines;Railwaysand
metallicstructuresandtheirpropagationinfluences;Coastlineeffectsonradiowavepropagation;
Plasmaeffectsonpropagationintheloweratmosphere;Terraininfluenceonpropagation;Knife-
edgediffractionpropagation;Obstaclegain;Aircraftreflections;Echoesfromoverflyingair-
crafts.

Not Included: Re-entry communications links; Theory of plasma interaction with electromagnetic

waves; Plasma effects for millimeter waves (3B).

Cross References: Ground wave propagation of medium frequencies (1. 643); Trade wind inversion

of UItF oceanic ducts (1. 645); Fresnel surface integral (1. 631); Echo distortions of all kinds
(1. 626).

Principal Publications:

TIIE INFLUENCE OF MOISTURE IN 'FIIE

GROUND, TEMPERATUIIE AND TERRAIN

OF GROUND WAVE PROPAGATION IN TIIE

VIIF-BAND

B. Josephson, et al., IRE Trans. Antennas

Propagation, vol. AP-6, April 1958,

p. 169/172.

TIIE USE OF VERTICAL POLARIZATION TO

SOLVE UIIF TELEVISION "GHOSTING"

PROBLEMS IN A SilADOWED VALLEY

D.W. Peterson, RCA Rev., vol. 19, no. 2,

June 1958, p. 208/215.

UHF Television broadcasting in hilly or

mountainous terrain suffers from "ghosting"

or multi-path reception in shadowed valleys.

An experimental study of the ghosting problem

has led to the conclusion that vertically

polarized co-channel amplifier boosters and

passive boosters will solve the problem of

serving shadowed valleys. New service can

be rendered without denying any existing

service resulting from creation of a "mush"
area ....

FOREGROUNI) TERRAIN EFFECTS ON OVI'R-

LAND U}IF TRANSMISSIONS

L. G. Trolese, et al., IRE Trans. Antennas

Propagation, vol. AP-6, Oct. I958, p. 330/
337.

ON Tile MEASUIIEMENT OF GROUND CON-

DUCTIVITY AT VLF
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J.R. Wait, et al., IRE Trans. Antennas Propa-

gation, vol. AP-6, July 1958, p. 273/277.

MICROWAVE PROPAGATION OVER ROUGII

SURFACES

M.P. Bachynski, RCA Rev., vol. 20, no. 2,

June 1959, p. 308/335, 104 refs.

The field of propagation of short radio waves

over rough surfaces is surveyed. The results

of available experimental measurements are

summarized and theories which are readily
amenable to calculation are discussed ....

electromagnetic space above approximately 30

megacycles ....

ZUM TAGESGANG DER RUCKSTREU-FELDS-

TARKE VON TELEGRAPIIIESIGNALEN

(On the Diurnal Back-Scattering Field-

Strength of Telegraphy Sigmals) (In German)

B. Beckmann, et al., Nachrichtentech. Z. ,

vol. 12, Aug. 1959, p. 419/420.

DISTRIBUTION OF RECEIVED POWER IN

OVERSEA PROPAGATION WITHIN LINE-

OF-SIGIIT

K. Morita, J. Inst. Elect. Commun. Engrs.,

vol. 42, no. 10, Oct. 1959, p. 929/934.

TESTS CONDUCTED OVER ItIGIILY REFLEC-

TIVE TERRAIN AT 4,000, 6,000 and

11,0O0 MEGACYCLES

A. Oxehufwud, Commun. Electronics, July 1959,
p. 265/270.
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AmericanTelephoneandTelegraphCompany
hasconductedtestsat4,000mc(megacycles)
overmostmajormicrowaveradiorelayroutes
priortotheinitialinstallations.It isplannedto
add6,000mcand,possibly11,000mccircuits
totheexistingroutes.

A THEORY OF WAVELENGTH DEPENDENCE IN

ULTRAHIGH FREQUENCY TRANSHORIZON

PROPAGATION BASED ON METEORO-

LOGICAL CONSIDERATIONS

R. Bolgiano, Jr., J. Res. Nat. Bur. Stand.,

vol. 64D, no. 3, May, June 1960, p. 231/237.

ANALYSIS OF THE PERFORMANCE OF THE

EDMONTON-YELLOWKNIFE JANET CIRCUIT

J.H. Crysdale, IRE Trans. Commun. Syst.,

vol. CS-8, no. 1, March 1960, p. 33/40.

CHARACTERISTICS OF BEYOND-HORIZON

PROPAGATION OVER SEA. I.

T. Fukami, et al., Rev. Elect. Commun. Lab.,

vol. 8, no. 5-6, May, June 1960, p. 222/
255.

. . . The results of diurnal, day-to-day and

seasonal variations, and distributions of the

median field intensity are given. Comparison is

made between measured values and those pre-

dicted by conventional theory and empirical

propagation curves ....

THE INFLUENCE OF TREES ON TELEVISION

FIELD STRENGTHS AT ULTRA-HIGH

FREQUENCIES

H.T. Head, Proc. IRE, vol. 48, June 1960,

p. 1016/1020.

IONOSPHERIC BACKSCATTER OBSERVATION

AT 440 MC/S

V.C. Pineo, et al., J. Geophys. Res., vol. 65,

May 1960, p. 1620/1621.

AN EXAMINATION OF BACKSCATTER PROPAGA-

TION BETWEEN BOZEMAN, MONTANA AND

PALO ALTO, CALIFORNIA

R.T. Wolfram, Stanford Research Inst., Menlo

Park, Calif., Jan. 1960, 18 p., (Scientific

rept. no. 1), (AFCRC TN-60-120), AD 232 605.

Non-great-circle, ground baekscatter, radio

propagation paths . . . were studied by means

of a radio scanning and direction-finding system

operating at 33 Mc. The system utilized a 1.5-kw,

FM transmitter at Bozeman and receiving and
recording equipment at Palo Alto .... During

the observing period great-circle propagation

along the 1200 km path was negligible, but strong

signals were received over two 5000-km, two-

hop paths, one to the east and one to the north-

west of the stations, almost every day, averaging

seven to eight hours per day.

THE EFFECTS OF FLUCTUATIONS ON PRO-

PAGATION THROUGH A PLASMA MEDIUM

G.S. Kino, et al., Union of German Physical

Societies, International Conference, 5th,

Proceeding, Munich, West Germany, Aug.

28-Sept. 1, 1961, IN: Ionization Phenomena

in Gases, vol. I, Amsterdam, The Nether-

lands, North Holland Publishing Co., 1962,

p. 602/611, A63-17127

• . . theory of phase modulation of an RF signal

by the LF fluctuation of a plasma .... applica-
tion of the results to the determination of side-

bands that arise on an RF signal passed through a

plasma medium to which a sinusoidal modulation

in density is applied externally at a frequency that

is low compared with that of the RF signal.

SOME FACTORS INFLUENCING 3 CM RADIO-

WAVE PROPAGATION OVERSEA WITHIN

AND BEYOND THE RADIO HORIZON

F.A. Kitchen, et al., Proc. Instn. Eleetr.

Engrs. Part B, vol. 108, no. 39, May

1961, p. 257/263.

•... results of a number of short-term oversea

measurements . . . from a 10 Gc/s transmitter..

It is shown that the variation of signal level with-

in the horizon was rarely that expected for propa-

gation through an atmosphere having a uniform

refractive-index gradient. Signal losses of from

5 to 30 dB frequently occurred well within the

horizon, these losses being recovered when the

range between transmitter and receiver was suf-

ficiently reduced. A well-defined interference

pattern usually occurred in the region of reduced

signal level .... A direct relationship was

found to exist between the signal level within the

horizon and that propagated well beyond the

horizon into the extra-diffraction region ....

RECEPTION OF SKYWAVE SIGNALS NEAR A

COASTLINE

J.B. Andersen, Technical U., Copenhagen,

Denmark, Sept. 1962, 15 p., TN3, 8 refs.,

AD 413 080 and also N63-19430.

• . . influence of ground inhomogeneities on

the reception of skywave signals, especially the

influence of the conductivity contrast near a

coastline. This gives rise to a rapid decrease

in field-strength near the coastline as is well

known from groundwave mixed-path theory ....

PROLONGED SPACE-WAVE FADEOUTS IN

TROPOSPHERIC PROPAGATION

A.P. Barsis, et al., J. Res. Nat. Bur. Stand.,

vol. 66D, no. 6, Nov.,Dec. 1962, p. 681/694.

• . . The study also includes an evaluation of

fadeouts observed over a path using a mountain

peak as a diffracting knife edge obstacle between
transmitter and receiver ....

AN INVESTIGATION OF ANOMALOUS TRANS-

HORIZON RADIOWAVE PROPAGATION OVER

IRREGULAR TERRAIN

R. Cassam, Cornell U., Ithaca, N.Y., 15 Feb.

1962, 55 p., incl. tables, 12 refs., (Scientific

rept. no. 4; Research rept. no. RS 35),

(AFCRL 62-570), AD 286 152.
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• . . anomalous nighttime propagation of radio

waves was studied at frequencies of 9100, 2800,

and 840 Mc/s observed on the 108-kin path from

Rochester to Ithaca, New York. Previously pro-

posed theories that explain anomalous propaga-

tion by dueting, reflection, or diffraction fail to

explain the irregular behavior studied ....

NOTE SUR DES ESSAIS DE PROPAGATION PAR

DIFFRACTION AU CHILI (Propagation Observa-

tions on Diffraction Modes in Chili) (In

French)

B. Dezerega, et al., Ann. Teleeomm., vol. 17,

no. 3-4, March, April 1962, p. 89/90.

PROPAGATION CHARACTERISTICS OF

MAGNETO-IONIC PLASMA COLUMNS

D. Formato, et al., J. Res. Nat. Bur. Stand.,

vol. 66D, no. 5, Sept.,Oct. 1962, p. 543/

555.

The propagation characteristics of uniform,

cylindrical plasma columns of circular cross-

section in axial, constant magnetic fields are

determined• The ratios (plasma wavelength)/

(free-space wave-length) and (power flowing in the

plasma)/(power flowing outside) are evaluated and

discussed as functions of the diameter/wavelength

ratio and of the plasma permittivity, for propaga-

tion of circularly symmetrical modes ....

ANALYSIS OF MATCHED-FILTER RADAR

MULTIPATH RETURNS AT 435 MC

J.M. Goodman, Naval Research Lab•, Wash-

ington, D. C., Interim rept., 17 April 1962,

21 p.,incl, illus., tables, 5 refs., (NRL

rept• no. 5767), AD 275 296.

An analysis . • . of the 3-pulse multipath

aircraft echoes that are typical of a short-pulse

airborne radar .... flown over water in a WV-2

aircraft ....

MICROWAVE MEASUREMENTS OF STEADY-

STATE AND DECAYING PLASMAS

P.W. Kuhns, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 2, June 1962,

p. 173/178, 12 refs.

• . . experimental study of the loss mechanism

for electrons in plasmas. Steady-state and

decaying plasmas were studied by means of micro-

wave interferometers. Values of the electron-

ion recombination coefficient for nitrogen and

argon are given .... Data is also given on the

transmission of microwave through an ionized

layer about a body in a supersonic gas stream and

the effect upon transmission of water vapor

addition to the stream ....

ELECTROMAGNETIC PROPAGATION THROUGI!

SHOCK IONIZED AIR SURROUNDING GLIDE

RE-ENTRY SPACECRAFT

W.M. MeCabe, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-8, no. 4, Dec.

1962, p. 257/266•
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• . . Exact analysis of the problem requires

precise information regarding the flow field

surrounding the vehicle of interest. Since these

data are generally unavailable until late in the
vehicle design phase, it is the purpose of this

paper to examine means by which an approxima-

tion of the interference effects may be obtained

when only the trajectory and body configuration
are known ....

RADIOCOMMUNICATION BY BACKSCATTER

I. Ranzi, Centro Radioelettrico Sperimentale G.

Marconi, (Italy), 31 Dec. 1962, 17 p., Final

technical rept., AFCRL 63 101, AD 404 270.

Experiments on line-of-sight backscatter of
h.f. radio waves . . . it was also shown that

the power lines, the railways, and the metallic

structures in general are very effective back-

scatters, to be considered when the h.f. back-

scatter occurs from a highly developed country.

NON-LINEAR PROPAGATION OF AN AMPLITUDE

MODULATED E LEC TROMAGNETIC WAVE IN

A PLASMA

M.S. Sodha, et al., Proe. Phys. Soc., vol. 80, Pt. 5,

Nov. 1962, p. 1155/1160.

The authors studied the change in modulation

of an amplitude-modulated electro-magnetic

wave in a Lorentzian plasma by using the geo-

metrical-optics approximation as well as the

wave equation ....

SCALE-MODE L INVESTIGATION S OF E LECTRO-

MAGNETIC WAVE PROPAGATION OVER

NATURAL OBSTACLES

M. P• Bachynski, RCA Rev., vol. 24, no. 1,

March 1963, p• 105/144.

• . . Scale-model techniques have been de-

veloped whereby the effect of natural obstacles on

the propagation of electromagnetic waves over the

surface of the earth can be investigated within the

laboratory ....

The influence of obstacle shape (crest and

profile) and the effect of the orientation of the

radiated electromagnetic fields (angles of in-

cidence and polarization) on the received power,

as well as various cross-polarization phenomena

have been experimentally determined ....

TRANSMISSION LOSS VARIABILITY AND FADING

CHARACTERISTICS FOR LONG KNIFE-EDGE

DIFFRACTION PATHS

A.P. Barsis, National Bureau of Standards,

Boulder, Colo., 1 Feb. 1963, 16p., 6 refs.,

NBSrept. no. 7652, AD401927.

. . . in the 750-900mc/s range . . . in Colo-

rado, Alaska, and Europe . . . analyzed in terms

of power fading (long term variability) and short-

term variability represented by prolonged space-
wave fadeouts.
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I.L.S. LOCALISER FEASIBILITY STUDY: THE

MEASUREMENT OF THE BISTATIC ECHOING
AREAS OF MODEL AIRCRAFT AS AN AID TO

THE EVALUATION OF THE PROBLEM OF

INTERFERENCE FROM OVERFLYING AIR-

CRAFT

P. Bowron, Royal Aircraft Establishment (Gt.

Brit.), Aug. 1963, lv. RAE TN Rad 846,
AD 428 826.

• . . measurement of the echoeing areas of

models of the Comet, Valiant, Victor and Vulcan

aircraft for various bistatic angles and to esti-
mate the volume of air-space within which an

overflying aircraft may cause interference with
a landing aircraft. It was found that in certain

positions, overflying aircraft may present

echoeing areas as great as 3,000 square meters•

MICROWAVE PROPAGATION OVER MOUNTAIN-

DIFFRACTION PATHS Final Report

A.B. Carlson, Griffiss AFB, N.Y., RADC,

March 1964, 135 p., refs., (RADC-TDR-

64-13), AD 535 545, N64-18795.

• . . The field strength in the geometric
shadow zone can be predicted from classical

(Fresnel-Kirchoff) diffraction theory when the

obstacle approximates the idealized knife edge.

However, the modest amount of empirical

knowledge available precludes an engineering

evaluation of the obstacle-diffraction propaga-

tion mechanism from the viewpoint of micro-

wave communications. Although the main

concern was the total nature of the propagation,

emphasis was given those factors that may affect
the successful transmission of information.

THE PROPAGATION OF ULTRASHORT WAVES

AND RADIO-RELAy LINKS (In Russian)

Yu. I. Davydenko, Moscow, Voyenizdat, 1963,
136 p.

• . . effect of the Earth's surface and

meterological conditions on ultrashort wave

propagation both for line-of-sight and the

penumbra regions. Path profiles of radio-

relay links are classified, and methods are

described for calculating the effect of terrain

irregularity for obstruction, nonobstructed and

semiobstructed paths .... recommended to

signals officers operating mobile radio-relay
links ....

A THEORY OF INCOHERENT SCATTERING OF

RADIO WAVES BY A PLASMA. HI - SCAT-

TERING IN A PARTLY IONIZED GAS

J.P. Dougherty, et al., J. of Geophys. Res.

vol. 68, Oct. 1, 1963, p. 5473/5486,
18 refs. A63-23372.

Extension of the theory of incoherent scat-
tering in a plasma to include the effect of ions

and electrons colliding with neutral molecules,

an effect that could be important in the ionosphere
below perhaps 150 km for experiments at 50 Mc or
less ....

APPLICATION OF DIFFRACTIONS BY CONVEX

SURFACES TO IRREGULAR TERRAIN

SITUATIONS

H.T. Dougherty, et al., J. Res. Nat. Bur. Stand.,

Section D - Radio Science, vol. 68D, Feb.

1964, p. 239/250, 25 refs., A64-14889.

Extension of the theory of the knife edge model

as an approximation of mountain ridges to allow

for the effect of broad crests, and to provide

engineering formulas applicable to irregular ter-
rain situations ....

ON THE THEORY OF RADIO WAVE PROPAGATION

OVER INHOMOGENEOUS EARTH

K. Furutsu, J. Res. Nat. Bur. Stand., vol. 67D,

no. 1, Jan., Feb. 1963, p. 39/62•

TRANSMISSION-LOSS MEASUREMENTS AND

DIVERSITY TESTS MADE ON TWO KNIFE-

EDGE DIFFRACTION PATHS IN EUROPE

R.E. Gray, Elect. Commun., vol. 38, no. 4,

1963, p• 457/464.

PERFORMANCE OF DIGITAL SIGNALS

THROUGH REENTRY PLASMAS

H. Hodara, et al., IEEE Internat. Cony. Ree.,
pt. 5, vol. ii, March 1963, p. 32.

BIBLIOGRAPHy OF BACKSCATTER AND RE-
LATED SUBJECTS

D.H. Lenhert, et al., New Mexico U., Albuquer-

que, Engineering Experiment Station, June

1963, 43 p., 549 refs., N63-20249.

. . . (1) backscatter and radar return, (2)lunar
surface properties, (3) acoustic instrumentation

and simulation of radar return from terrain and

geometrical shapes, and (4) correlation of radar
and photographic data ....

AUTOCORRELATION CHARACTERISTICS OF

PHASE-DIFFERENCE FLUCTUATIONS

A.V. Menapas, Radio Engng: Transl. of Radio-

tekhnika, vol. 18, no. 2, Feb. 1963, p. 26/35.

• . . which occur in the propagation of waves

in a turbulent medium are considered. Using a

phenomenological description of the medium by
means of a correlation function of Ganssian

form, the autocorrelation coefficients for various

paths are determined by taking into account the
effect of transport both of "frozen" and "unfrozen"
turbulence ....
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THE INFLUENCE OF TERRAIN SHIELDING ON

RADIO WAVE PROPAGATION AT 8000 MC

(Correspondence)

W.E. Morrow, Jr., et al., l>roe. IEEE, vol. 51,

no. 6, June 1963, p• 955/956.

• . . made at the MIT Lincoln Laboratory,

Millstone Hill, Mass .... during June 20-22,

1962. The transmitting terminal consisted of a

60-foot diameter X-band parabolic antenna
mounted on an azimuth elevation mount ....
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NESTATSIONARNYEIAVLENIIAPRIBEREGOVOI
REFRAKTSIIRADIOVOLN(Nonstcady
PhenomenaObservedin theCoastlineRefrac-
tionofRadioWaves)(InRussian)

E.I. Nefedov,Radiotekhnikai Elektronika,vol.8,
Oct.1963,p. 1659/1664,12refs•,A64-10516.

. • . UsinginverseFouriertransforms,the
knownsolutionofthesteadyproblemis extended
tothenonsteadyproblemofcoastlineradio-wave
diffraction.Thenon-steadysolutionobtainedis
showntoapplytoawideclassofpulsedsignals.

AUXILIARYPROCEDURESUSEDINTHEO-
RETICALEVALUATIONOFH-FBACKSCAT-
TEROBSERVATIONSANDOTHERCOM-
MUNICATIONSPROBLEMS

M.L. Phillips,ElectroPhysicaLab.,ACF
Electronics,Bladensburg,Md.,22April1963,
32p.,AD407187.

Contents:
Great-circletransmissionpathsatspecific
bearings
Estimationofionosphericcharacteristics
alongthetransmissionpath. . .
Revisionofpredictedionospheric
characteristics. . •

GEOMAGNETICEFFECTSONTHEFRE-
QUENCYSPECTRUMOFINCOHERENT
BACKSCATTEROBSERVEDAT425
MEGACYCLESPERSECONDATTRINIDAD

V.C.Pineo,etal., J. Geophys.Res.,vol. 68,
May1,1963,p. 2695/2706,22rcfs.,
A63-16743.

• . . Thespectrameasuredatanglesofin-
cidencegreaterthanabout1'7owerenearlyflat
toppedwithweakmaximumsabout_=3.5kcrelative
tothecenterfrequency.Spectrameasuredat
normalincidencetothefieldhaveasinglepeakat
thecenterfrequencyandarenarrowerthanthe
off-normalspectra....

THEBEHAVIOROFFIELDSNEARMOUNTAINS
M.A. Plonus,Proe.Nat.ElectronicsConf.,

vol. 19,Oct.1963,p. 33/38,19refs.
1. 636:

The electromagnetic fields near mountains
and in the shadow of mountains are obtained

by modeling such major natural obstacles with

elemetary mathematical shapes for which an

exact analysis exists. The shapes considered

are the knife-edge, cylindrically-tipped and

parabolically-tipped screens . . •

OBLIQUE PROPAGATION OF GROUNDWAVES

ACROSS A COASTLINE. III.

J.R. Wait, J. Res. Nat. Bur. Stand., Section D-

Radio Science, vol. 68D, March 1964, p. 291/

296, 5 refs., A64-15844.

• . . numerical results for the field anomaly

near a coastline when the surface impedance

changes in a linear manner between land and

sea .... the magnitude of the reflected field

is greatly reduced as the width of the transition

zone is increased beyond about one-quarter

wavelength.

DISTORTION OF SIGNALS PROPAGATING

THROUGH A PLASMA (Correspondence)

S.V. Yadavalli, Proe. IEEE, vol. 51, no. 6,

June 1963, p. 956/957.

With the increasing importance of space com-

munications, it appears that it will be of in-

terest and importance to evaluate the distortion

of signals propagating through an ionized
medium .... we will indicate the method

of calculation applicable under certain conditions.
Some of the results obtained here can be general-

ized to include the effects of finite steady mag-

netic fields, presence of ions, etc ....

RADIO COMMUNICATION BY BACKSCATTER

Centro Radioelecttrico Sperimentale G. Marconi,

Rome (Italy), Final Technical Report,

(AFCRL-63-101), N63-16371.

• . . dependence . . . on the ground nature,

and the influence of the vertical radiation dia-

gram of the antenna . . o

Characteristics of Underwater and Underground Propagation Paths

Included: Rock strata propagation; Subsurface signal transmission; Underground communications;

Lithospheric propagation; Seismic wave propagation; Pulse propagation under water; Deep strata
radio communications.

Not Included: Equipment design for underground communications; Underground antennas; Sub-

merged repeaters (2).

Cross References: Submarine cablcs (1. 653).

Principal Publications:

BASIC EXPERIMFNTAL STUDIES OF TItE

MAGNETIC FIE LD FROM E LI_C'I'IIOMAG-

NETIC SOURCES IMMERSED IN A SEMI-

INFINITE CONDUCTING MFDIUM

M.B. Kraichman, J. Rcs. Nat. Bur. Stand.,

vol. 64D, no. 1, Jan., Feb., 1960, p. 21/25.

STUDIES IN DEEP STRATA RADIO COMMUNICA-
TIONS

J.T. de Bettencourt, et al. , Raytheon Co., Nor-

wood, Mass., Final Report, AFCRL-63-60,

Oct. 1962, 518p., 97 refs., N63-17589.
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• . . certain effects observed on waves propa-

gated through the rock between the antennas. Suc-
cessful transmissions over a 1.1-mile path at

Cape Cod have been obtained due largely to signal

propagation through the rock near the overburden,

rather than the up-over and down mode or any of

the other modes of underground propagation•

• • . Some data on noise in underground transmis-

sion are presented, but is incomplete, as are pre-

liminary modulation tests ....

A SURVEY OF THE LITERATURE ON MIXED

PATH PROPAGATION

T. Larsen, Technical U. Copenhagen (Denmark)

Lab. of Electromagnetic Theory, Technical

Note No. 1, March 1962, 25 p., 80 refs. ,

(AFCRL-62-545), N63-21222.

• . . papers dealing with the propagation of

radio waves over a ground consisting of areas

of various electric constants . . . two parts,

the first one describing the more or less semi-

empirical solutions which have been proposed,

the latter describing the more rigorous mathe-
matical methods . . .

THEORETICAL AND MODEL STUDIES FROM

TIIE PRODUCTION AND PROPAGATION OF

EM SIGNALS FROM UNDERGROUND NUCLEAR

EXPLOSIONS. VOLUME Ih MODELING

STUDIES

Space Electronics Corp., Glendale, Calif.,

Final Technical rept., Dec. 1962, 279 p.

(Rept• no. SGC 68R-7), (RADC TDR 63-9,

vol. 2), AD 299 789•

RADIO COMMUNICATIONS VIA ROCK STRATA

L.A. Ames, et al., IEEE Trans. Commun.

Syst., vol. CS-11, no. 2, June 1963, p. 159/
169.

• . . geological and geophysical considerations

pertinent to communications system design ....

performance factors of bare and insulated linear

antennas, and transmission loss between antennas

immersed in dissipative media .... Practical

considerations in the design of communication
circuits ....

ELECTROMAGNETIC MODELING STUDIES OF

LITHOSPHERIC PROPAGATION

G.L. Brown, et al., IEEE Trans. Geoscience

Electronics, vol. GE-1, Dec. 1963, p. 17/23,
A64-13468.

Theoretical and experimental investigation of

the propagation of electromagnetic waves in a low-

conductivity lithospheric duct. The real-Earth

situation is approximated by a low conductivity

layer with uniform properties located between two

regions of high conductivity (the upper crust of

the Earth and the Earth's mantle) .... Different

models are constructed using scaling factors of

the order of 105 .... Good agreement is ob-

tained between theoretical and experimental re-

sults for CW propagation• This agreement

demonstrates the validity of the laboratory model-

ing techniques and lends confidence to the experi-
mental results obtained for the effects of in-

homogeneities in the duct.

RADIO COMMUNICATION WITHIN THE EARTH'S
CRUST

C.R. Burrows, Rec. Nat. Commun. Syrup.,
vol. 9, Oct. 1963, p. 350/360, 10 refs.

• • . four methods of electrical communication
within the earth's crust ....

COMMUNICATION VIA SEISMIC WAVES

K• Ikrath, et al. ,Army Electronics Research and

Development Agency, Ft. Monmouth, N.J.,
May 1963, 155 p., AELRDL TR 2346, AD 429
786.

• . . design and performance of experimental

seismic transducers are discussed. The signifi-

cance of the results of experiments with these

transducers for seismic communication.., is

emphasized•

SOME EXPERIMENTS AT AUDIO FREQUENCIES
WITH A BURIED ELECTRODE SYSTEM

F.J. Dortez de Lobao, SHAPE Air Defense

Technical Center, The HaKue (Netherlands),

March 1963, 31 p., SADTC TM57, AD 406146.

• . . for determining the feasibility of a com-

munication system using buried electrodes and

working the audio frequency range . . . The experi-

ments showed that, because of the high noise levels

encountered, the applicability of such systems ap-

pears to be even more limited than the theoretical

calculations suggest... Even with a power of 10

kW, voice communication between two terminals

650 m apart would have been impossible. With

dipoles 100 m long and eight electrodes at each

end, and a power of 10 kW, a character error

rate of 10 to the -3rd power can be achieved during

the greater part of the year if the distance be-
tween transmitter and receiver is less than about

1.5 kin. It is shown that in cases where the anten-

nas can be placed within a few meters of the surface,

it would be better to use much higher frequencies.

PULSE PROPAGATION INTO WATER

H. J• Schmitt, Cruft Lab., Harvard U., Cambridge,

Mass•, 18 March 1963, 16 p., TR405, AD408

445.

The transmission of short unidirectional plane-

wave pulses into water and solutions of sodium

chloride has been investigated experimentally . . .

The dispersion of the pulse is mainly due to the
ionic conductance of the solution . . .

ANTENNA AND RADIO WAVE PROPAGATION

CHARACTERISTICS AT VHF NEAR AND IN

THE GROUND

D.M. Schwartz, Texas U., Austin, Aug. 1963,

45 p., AD 416 468.

• . . The variations of the field strength of

VHF signals, in and near the ground, have been

measured and are reported• Good correlation
was found between the measured and theoretical

radiation patterns and field strength variation for

above ground conditions• TheoreticMly, for the
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sameincidentfieldstrength,a largersignalis
foundforafewfeetbelowthesurfaceofthe
groundatVHFthanat1.0mc/s. ° .
INVESTIGATIONOFTHEDESIGNOFUNDER-

GROUNDCOMMUNICATIONSYSTEMS
L.M. Vallese,etal., IEEEIntern.Conv.Rec.,

Pt.8,vol.11,March1963,p. 234/241.
• . . Thedesignofundergroundcommunication

systemshasbeenstudiedwithreferencetoa
suitablestratifiedlayerstructure.Theoretical
andexperimentalinvestigationsofthepropaga-
tionoflowfrequencyelectromagneticwavesin
suchmediahavebeendeveloped.Usingananalog
modeloftheundergroundsystem,thevaluesof
theattenuationhavebeenstudiedasafunctionof
frequencyanddistance....
ATTENUATIONINSUBSURFACESIGNAL

TITANSMISSION
H.Scotti,etal., InnsbruckUniv.(Austria),

15July1963,9p. Rept.no.TN2,AFCRL
63382,AD420599.

Forthedeterminationofgroundconductivity
fromfieldstrengthmeasurementsofVLF-trans-
mitters,therespectiveattenuationfactorsofsky
wavesandsurfacewavesmustbetakeninto
account.Thesefactorswerecalculatedforawide
rangeoffrequenciesandconductivities....
tablesanddiagrams. . .

UNDERGROUNDCOMMUNICATIONS.ANNOTATED.
BIBLIOGRAPHYOFSOVIET-BLOCLITERA-
TUREFORTHEPERIOD1960-1962

AerospaceInformationDiv., LibraryofCongress,
Washington,D.C., 26July1963,22p., 54
refs., AID-B-63-99,N63-19311.

Related Publications:

STATE OF TttE ART: GUIDANCE AND NAVI-

GATION (UNDERSEA WEAPON SYSTEMS)

B. Kovit, Space Aeronautics, vol. 33, no. 1,

Jan. 1960, p. 64/67.

FBM subs to use inertial guidance . . .

Fairly low frequencies for radio systems . . .

Extensive signal processing is needed...

SEA-GOING LIGHTNING GENERATOR

M.M. Newman, et al., Electronics, vol. 33,

no. 30, July 1960, p. 53/55•

Studies of low frequency propagation over

long distances may have practical applications

on long range communication, navigation. Arti-

ficial atmospherics are produced by sea-going

generator ....

1. 637: Propagation Characteristics of Special Geographic Areas

Included: Ionospheric characteristics in the Far East; Arctic communications; Extended transequa-

torial paths; Transequatorial F-layer propagation; Auroral zone propagation characteristics;

Auroral disturbances; Polar radio blackouts; Northern latitude propagation; Polar communications;

Equatorial spread-F effect; Radio aurora; Night time equatorial VHF propagation; Transequatorial

VLF propagation; Arctic VLF propagation•

Cross References: Spread-F effect in general (1. 632); VLF propagation in general (1. 642).

Principal Publications:

RADIO ECHOES FROM AURORAL IONIZATION

DETECTED AT RELATIVELY LOW GEO-

MAGNETIC LATITUDES

R.L. Leadabrand, et al., IRE Trans. Antennas

Propagation, vol. AP-6, Jan. 1958, p. 65/79.

THE GEOMETRY OF AURORAL COMMUNICA-

TIONS

R.L. Leadabrand, et al., IRE Trans. Antennas

Propagation, vol. AP-6, Jan. 1958, p. 80/87.

V. H. F. OBSERVATIONS ON THE AURORA

AUSTRALIS

T.J. Seed, J. Geophys. Res., vol. 63, Sept.

1958, p. 517/526•

TItE FRINGE OF THE FIELD (ARTIFICIAL

AURORA)

Elect• & Radio Engrg., vol. 35, May 1958,

p. 168/170.
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THE DIURNAL AND ANNUAL VARIATIONS OF

FO F_ OVER THE POLAR REGIONS
z

S.C. Coroniti, et al., J. Geophys. Res., vol. 64,

Jan. 1959, p. 5/19.

TRANSEQUATORIAL PROPAGATION OF V. H. F.

SIGNALS

R.G. Cracknell, Q.S.T., vol. 43, no. 12, Dec.

1959, p. 11/17.

PECULIARITIES AND SEASONAL VARIATIONS

OF TE BACKSCATTER ECHOES OBSERVED

AT MAYAGUEZ, PUERTO RICO

B. Dueno, IRE-URSI Joint Meeting, Oct. 19-21,

1959, San Diego, Calif.

TRANSIENT MODES OF HIGIt-FREQUENCY

RADIO WAVE PROPAGATION ACROSS THE

AURORAL PATH

B.J. Fulton, et al., J. Atmos. Terr. Phys.,
vol. 16, Oct. 1959, p. 185/186.
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EQUATORIAL SUNSET EFFECT

A.M. Humby, Wireless World, vol. 64, no. 7-8,

July, Aug. 1959, p. 343/345.

PRELIMINARY RESULTS OF 400-MC RADAR

INVESTIGATIONS OF AURORAL ECHOES

AT COLLEGE, ALASKA

R.L. Leadabrand, et al., IRE Trans. Antennas

Propagation, vol. AP-7, April 1959, p. 127/
136.

A LOW POWER VHF RADAR FOR AURORAL
RESEARCH

R.S. Leonard, Proc. IRE, vol. 47, Feb. 1959,
p. 320/322.

AURORAL IONIZATION AND MAGNETIC DIS-
TURBANCES

B. Nichols, Proe. IRE, vol. 47, Feb. 1959,
p. 245/254.

AURORAL PHENOMENA

E.N. Parker, Proc. IRE, vol. 47, Feb. 1959,
p. 239/244.

PROPAGATION OF HF AND VHF IN THE ARCTIC

REGION

R. Penndorf, et al., IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 121/125.

VHF AND UHF RADAR OBSERVATIONS OF THE

AURORA AT COLLEGE, ALASKA

R.I. Presnell, et al., J. Geophys. Res., vol. 64,
Sept. 1959, p. 1179/1190.

HIGH-ALTITUDE 106.1 MCS RADIO ECHOES

FROM AURORAL IONIZATION DETECTED

AT A GEOMAGNETIC LATITUDE OF 43

J.C. Schlobohm, et al., J. Geophys. Res.,
vol. 64, Sept. 1959, p. 1191/1196.

PECULIARITIES OF THE IONOSPHERE IN THE

FAR EAST - A REPORT ON IGY OBSERVA-

TIONS OF SPORADIC E- AND F-REGION

SCATTER

E.K. Smith, Jr., et al., IRE-URSI Joint

Meeting, Oct. 19-21, 1959, Sand Diego,
Calif.

NIGHT-TIME EQUATORIAL PROPAGATION AT
50 MC - FIRST RESULTS FROM AN IGY

AMATEUR OBSERVING PROGRAM

M.P. Southworth, IRE-URSI Joint Meeting,

Oct. 19-21, 1959, San Diego, Calif.

A STUDY OF TRANSEQUATORIAL SCATTER
PROPA GA TION

American Radio Relay League, W. Hartford,

Conn., 1959, 25 p., Final Report, Report

No. AFCRC TR-59-262, AD 227 864.

RADIO ECHOES FROM FIELD-ALIGNED

IONIZATION ABOVE THE MAGNETIC

EQUATOR AND THEIR RESEMBLANCE

TO AURORAL ECHOES (Correspondence)

K.L. Bowles, et al., J. Geophys. Res., vol. 65,
June 1960, p. 1853/1855.

A DAY-TIME MAXIMUM OF OBLIQUE AURORAL

REFLEX.IONS OBSERVED IN THE AURORAL

ZONE (Correspondence) GEO-AND

RADIO-PHYSICS

A. Egeland, et al., Nature, vol. 185, no. 4712,
Feb. 1960, p. 519/521.

SIMULTANEOUS VHF AURORAL BACKSCATTER

MEASUREMENTS

W.A. Flood, J. Geophys. Res., vol. 65, Aug.
1960, p. 2261/2268.

ANOMALOUS FO F 2 VARIATIONS IN THE ANT-
ARCTIC

G.E. Hill, J. Geophys. Res., vol. 65, no. 7,

July 1960, p. 2011/2023.

OBSERVED CHARACTERISTICS OF AN ULTRA-

HIGH-FREQUENCY SIGNAL TRAVERSING
AN AURORAL DISTURBANCE

J.C. James, et al., Nature, vol. 185, no. 4712,

Feb. 1960, p. 510/512.

CONFERENCE ON ARCTIC COMMUNICATION

R.C. Kirby, et al., J. ires. Nat. Bur. Stand.,

vol. 64D, no. 1, Jan., Feb.,1960, p. 73/80.

A NEW METHOD FOR STUDYING THE AURORAL

IONOSPHERE USING EARTH SATELLITES

R. Parthasarathy, et al., Proc. IRE, vol. 48,

no. 2, Feb. 1960, p. 164.

Sept. 1959 PROCEEDINGS - corrections being
made

PECULIARITIES OF THE IONOSPHERE IN THE

FAR EAST: A REPORT ON IGY OBSERVA-

TIONS OF SPORADIC E AND F-REGION
SCATTER

E.K. Smith, Jr., et al., J. Geophys. Res.,

vol. 65, no. 3, March 1960, p. 885/892.

NIGHT-TIME EQUATORIAL PROPAGATION AT
50 MC/S FIRST RESULTS FROM IGY

AMATEUR OBSERVING PROGRAM

M.P. Southworth, J. Geophys. Res., vol. 65,
no. 2, Feb. 1960, p° 601/607.

FADING CORRELATION BANDWIDTH AND

SHORT-TERM FREQUENCY STABILITY

MEASUREMENTS ON A HIGH-FREQUENCY

TRANSAURORA L PATH

J.L. Auterman, National Bureau of Standards,

Washington, D.C., Oct. 1962, 53 p., 15 refs.,

Technical note 165, AD 401 044.

• . . deviations of the instantaneous frequency

from the average carrier frequency . . . 4500-

km auroral path from Barrow, Alaska to Boulder,

Colorado, at frequencies near 15 and 200 mc/s.

The mean fading correlation bandwidth was found

to be 4.3 kc/s . . . Generally, the bandwidth was

smaller during periods of high magnetic activity

or high fade rate. It also exhibited a minimum

near midday. Cumulative distributions of instan-

taneous frequency deviations were obtained for a

variety of conditions.
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EQUATORIALSPREADF
W.Calvert,NationalBureauofStandards,

Boulder,Colo.,1Aug.1962,107p. incl.
illus,refs., (Technicalnoteno.145),
AD297341.

IONOSPHERICD-REGIONPHENOMENAAS-
SOCIATEDWITHAURORALDISTURBANCES
ATSODANKYLA

W.Dieminger,etal., J. Atmos.Terr.Phys.,
vol.24,Sept.1962,p. 823/825.

Theweak,lowechoeswhichappearoniono-
gramsunderblackoutconditionswereobserved
atSodankyla(Finland)tohaveacleardaily
heightvariationwithaminimumatnoon,even
undernormalconditions.Duringadisturbance
theheightvariationbecamemorepronouncedand
thelowestechoesrecordedwereatapproximately
60km. Atthesametimethefrequencyrangeof
thelowechoesbecamelarger,extendingto5
Mc/sandabove....

AURORALABSORPTIONOFRADIOSIGNALS
C.W.Gartlein,etal., J. Geophys.Res.,

volo67,no.9, Sept.1962,p. 3393/3396.
Auroraldataandradiodataarestudiedinorder

togetabetterpictureoftheirinterferenceandthe
locationoftheauroralzone.It appearsthatthe
aurorainterfereswitharadiosignalthatis
reflectedwithin2° oflatitudeofanaurora,and
will stopasignalthatattemptstopassthroughan
aurora.

SOMECOMMENTSONCOMMUNICATIONSIN
TItEARCTIC

D.H.Jelly,DefenceResearchTelecommunica-
tionsEstablishment(Canada),Dec.1962,
6p., Rept.no.DRTE-1101,AD297730.

FREQUENCYSOUNDINGTECHNIQUESFORHF
COMMUNICATIONSOVERAURORALZONE
PATHS

G.W.Jull,etal., Proc.IRE,vol.50,no.7,
July1962,p. 1672/1682.

• . . valuablefor improvingthereliabilityof
air-groundtIFcommunicationswhenpropagation
conditionsaremarginal.... resultsfromair-
groundradiocommunicationstrials supplemented
byfrequencysoundingtransmissionsoverflight
pathsofupto1260nauticalmilesintoauroral
zonelatitudesfromagroundstationinNova
Scotia....

AURORALZONESATELLITESCINTILLATION
STUDIES

L. Liszka,KirunaGeophysicalObservatory
(Sweden)10July1962,6p., (Scientificrept.
no.4), (AFCRL-62-1054),AD298594.

SATELLITESCINTILLATIONOBSERVEDIN
THEAURORALZONE(InSwedish)

L. Liszka,ArkivforGeofysik,4:8,p. 211/
225,9Jan.1963,AD403614.
Satellitescintillationstudies. . . atfre-

quencies20and54mcduringthelastthree
years. . . Thedepthofthescintillationat20
mc. Thereexistsadifferencebetweendaytime
andnight-timescintillation,whichis indicated
bydifferencesincorrelationwithauroral
sporadicEandwithmagneticactivity.
THEPACIFICNAVALLABORATORYSTANFORD

UNIVERSITYCONJUGATEPOINTEXPERIMENT
J.E. Lokken,etal., PacificNavalLab.(Canada),

March1962,14p. illus., 12refs., CRept.no.
62-4),AD299696.

Micropulsationsbetween0.003and3epsand
ELFsignalsbetween3and30cpsweremeasured
simultaneouslyattwostationsin theborealand
onein theaustralauroralzones. . . Someap-
plicationsofhighgainnarrowbandreceivers,
togetherwithselectedsamplesofremarkably
coherentsignals,areincluded.
ASPECT-SENSITIVESPREADANDMULTIPATH

DELAYONOFF-AXIMUTHHFARCTIC
SIGNALSLARGELYABOVETHEMUF

H.S.Marsh,etal., Conf.Proc.Nat.Cony.
Mil. Electronics,vol.6, June1962,p.184/
192.

APSECT-SENSITIVESPREADANDMULTIPATH
DELAYONOFF-ASIMUTttHFARCTIC
SIGNALSLARGELYABOVETHEMUF

H.S.March,etal., Air ForceCambridgeRe-
searchLabs.,Bedford,Mass.,Oct.1962,
5p., (AFCRL-62-777),AD298629.

RADIOPROPERTIESOFTHEAURORAL
IONOSPHERE,PARTI

L. Owren,etal., GeophysicalInst., U. ofAlaska,
College,March1962,88p., incl.illus.,
tables,34refs., (RADCTR61-217,pt. 1),
AD297288.

SIGNALAMPLITUDEANALYSISOFHIGH-
FREQUENCYCIRCUITSCROSSINGTHE
AURORALZONE

G.F.Rourke,etal., ResearchandAdvanced
DevelopmentDiv., AVCOCorp.,Wilmington,
Mass.,Finalscientificrept., Item2onRe-
searchConcerningForecastingAnomalous
Propagationat HighLatitudes,7May1962,
88p. incl. illus., tables,8refs., (Technical
rept.no.RAD-TR-62-4),(AFCRL-62-106),
AD275328.

Pulsedtransmissionsat12and18mcfrom
College,AlaskaandThule,Greenlandwerecon-
tinuouslymonitoredatBoston,Massachusettsfor
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•aperiodofninemonths.... Comparisonsare
drawnbetweentheobservedandpredictedvalues
ofsignalintensityandmaximumusablefrequency
(MUF).Thepredictedvaluesofsignalintensity
were10to20dbhigherthantheobservedsignal
intensity....
RADIOPROPERTIESOFTHEAURORAL

IONOSPHERE(PART3)
GeophysicalInst•,U.ofAlaska,College,

Finalreport,March1962,76p., incl.
illus., tables,refs., (RADCTR61-217,
pt. 3),AD297289.

DIURNALCHANGESOFTRANSMISSIONTIME
INTHEARCTICPROPAGATIONOFVLF
WAVES

W.T.Blackband,J.Res.Nat.Bur.Stand.,Section
D- RadioSciences,vol.68D,Feb•1964,
p. 205/210,5refs.,A64-14884.

• . . Anexplanationis givenofthemechanism
ofthesevariations.Owingtothe24-hourdaylight
ordarknessperiodsintheArcticin summeror
winter,thenormaltrapeziumshapeofthechange
curvedoesnotappearduringtheseperiods,and
thephasepatternsbecomemorecomplex....

TRANSEQUATORIALRECEPTIONOFA VERY-
LOWFREQUENCYTRANSMISSION

C.J.Chilton,etal., JournalofGeophysical
Research,vol.69,April1, 1964,p. 1319/
1328,20refs., A64-16788.

Comparisonbetweenthephaseandamplitudeof
the18-kcsignalNBA(Balboa,Panama)recorded
atBoulder,Colo.,in thenorthernhemisphereand
Tucuman,Argentina,inthesouthernhemisphere•

THEPROBLEMOFARCTICCOMMUNICATIONS
FOLLOWINGSOLARDISTURBANCES

S.C.Coroniti,etal., InAgard,Paris,The
EffectofDisturbancesofSolarOriginonCom-
mun.,1963,p. 207/228,refs., N64-15444.

Analysisofpolarionosondedatafor 5solar-
inducedionosphericstormsshowsthatthereflect-
ingandtheabsorbingionosphericlayersvaryin
afixed,predictable,andcomplexpattern...
usedtodesignhypotheticalHFpolarcommunica-
tionlinksthatarereliableduringquietanddis-
turbedperiodsoftheionosphere. . .
RESEARCHCONCERNINGFORECASTING

ANOMALOUSPROPAGATIONATHIGH
LATITUDES

S.C.Coroniti,ct al., ResearchandAdvanced
DevelopmentDiv.,AVCOCorp.,Wilmington,
Mass.,Finalrept., 28Feb.1963,100p.,
TR6315,AFCRL6354,AD403140.

ResearchconcerningvariationsintheArctic
ionosphereandpolarradio-propagationconditions
• . . improvingradiocommunicationsinthehigh-
frequencybandathighlatitudes.... Eighteen

scientificreportsandtwenty-onerelatedjournal
articleshavebeenpublished. . . extensive
bibliography. . . polarcapabsorption(PCA)
events. . . duringthefirst sixmonthsofIGY

ANOTEONHFCOMMUNICATIONSDURING
POLARRADIOBLACKOUTS

K.Folkestad,etal., InAgard,Paris,The
EffectofDisturbancesofSolarOriginon
Commun.,1963,p. 59/64,N64-15431.

• . . studyofHFtranspolarpropagationcon-
ditions.TransmissionsfromCollege,Alaska,
on12and18Me/s,receivedatKjellerhavebeen
analyzed. . .

NATURALCOMMUNICATIONSSTUDYPHASEI,
FEASIBILITYSTUDYONARELIABLE
POLARHFCOMMUNICATIONSSYSTEM

G.E. Hill, ResearchandAdvancedDevelopment
Div., AVCOCorp.,Wilmington,Mass.,
22April1963,128p., RADTR6313;Tech-
nicalnoteno.1., RADCTDR63112,AD402
625.
• . . someexperimentaldataonatestpropa-

gationpathis analyzed.... DataonHFequip-
mentandsystemsis presented.... A traffic
loadisassignedtoahypotheticalnetworkduring
theheightofapolarcapabsorptionevent.The
resultsshowthatcommunicationcanbemain-
rainedduringtheevent,butatareducedlevel•
NATURALCOMMUNICATIONSSTUDY.PHASEI.

FEASIBILITYSTUDYONARELIABLEPOLAR
HFCOMMUNICATIONSSYSTEM

G.E.Hill, ResearchandAdvancedDevelopment
Div., AVCOCorp.,Wilmington,Mass.,25
June1963,18p., TN2,RADTR6324,RADC
TDR63248,AD408711.

ThefeasibilityofsecuringreliableHFcom-
municationsinpolarregions,especiallyduring
disturbedconditions,is analyzed.Thebehavioral
patternsoftheionosphericlayersarereviewed
• . . Acomputerprogramwasdevelopedtofind
availablefrequenciesandpathsduringbothquiet
anddisturbedconditions. . . Predictionsof
propagationlossesaremadeforfrequenciesat
intervalsof3mcwithinthefrequencyrangeof
eachmode. . .

NATURALCOMMUNICATIONSSTUDY.PHASEIXX:
FEASIBILITYSTUDYONA RELIABLEPOLAR
HIGH-FREQUENCYCOMMUNICATIONS
SYSTEM

G.E.Hill, ResearchandAdvancedDevelopment
Div.,AVCOCorp.,Wilmington,Mass.,
Finalrept., 31July1963,170p., Technical
rept.,RADTR6337,RADCTDR63381,
AD418368.

• . . Thefeasibilityofobtainingreliablehigh
frequency(HF)communicationswithinandoutside
polarregions,especiallyduringdisturbedcon-
ditions,is investigated...
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POLARAURORAE
S•I• Isaev,etal•, JointPublicationsResearch

Service,Washington,D.C., 22April1963,
115p. (figs•omitted),AD408240.

NORTHERNLATITUDEPROPAGATION
L. IAszka,KirunaGeophysicalObservatory,

Sweden,Finalrept•,23March1963,14p.,
refs.,AFCRL63-462,AD402303.
Satelliterecordings. • . atfrequencies20

and54mc/sduringthelastthreeyears. . .
statisticalanalysisofthediffractionpattern
producedbyradiowavesfromTransitIVAat
54me/s. . . evidencethatauroralzonescintil-
lationmaybeproducedataltitudesbelowF-
maximum•
AURORAPOLARIS.PARTII. THERADIO

AURORA
J•M.MacDonald,RoyalCanadianAir Force,

8May1963,22p., AD411307.
It hasbeenshownthatradarreflectionsfrom

theaurora(theso-called"radaraurora")canbe
receivedprovidedfrequenciestowhichthe
normalionosphereis transparentcanbeused
: . . Visibleaurorais usuallyaccompaniedby
radaraurorain thesamepartofthesky,but
noprooffortheconversefor thisexists. . .
Severaltheoriestodescribetheaurora'sradar
reflectingpropertieshavebeenputforward,but
noneareentirelysatisfactory. . .
ARCTICPROPAGATIONSTUDIESATIONO-

SPHERICMODESOFPROPAGATION
L. Owren,etal., GeophysicalInst., Univ.of

Alaska,College,Finalrept., May1963,
93p., Rept.no•UAGRI41,AFCRL63146,
AD421863.
• . . during1959-1962. . . transpolarpulse

transmissionson12,18,24and30Mc/sbetween
Alaska,Norway,SwedenandGreenland.In
addition,ionosphericabsorptionandsynchronized
step-frequencymeasurementswereutilizedinthe
analysis.
VHFCOMMUNICATIONSOVEREXTENDED

TRANSEQUATORIALPATHS
C.L. Washburn,Rec.Nat•Commun.Symp.,

vol•9, Oct•1963,p• 310/318.

Newandrevealingevidencehasbeenobtained •

indicating the potential of new, extended range,

VHF communication circuits for paths trans-

versing the equator. Excellent signal-to-noise

ratios have been consistently obtained using

low power, simple antennas, and conventional

receivers. An experimental study demonstrated

TEF signals are observed regularly between 30

50 mc and sometimes as high as 75 mc for a

4800 km path. Signal strengths were at times
close to the calculated free space signal strength,

strongly suggesting ray focusing... Transoqua-

torial F-Layer Propagation mode (TEF) . . . Six

fixed-frequency transmitters in Balboa, Canal

Zone, transmitted simultaneous CW signals on

a 24-hour-per-day schedule, while the received

signal outputs from six receivers located 4800

km away in Santiago, Chile, were continuously
recorded ....

TRANSEQUATORIAL F-LAYER PROPAGATION

STUDY

C.L. Washburn, et al., ITT Federal Labs.,

Nutley, N.J., Final rept•, July - Oct. 1962,

14 June 1963, Iv., RADC TDR63 178, AD411

242.

• . . transequatorial F-layer propagation

(TEF) in the 30 mc to i00 mc frequency range

• . . characteristics of one-way transmission

in the Western IIemisphere during July to

October 1962. Six fixed-frequency transmitters
in Balboa, Canal Zone, transmitted simultan-

eous CW signals on a 24-hour-per-day schedule,

while the received signal outputs from six re-

ceivers located 4800 km away in Santiago, Chile,

were continuously recorded. This study demon-

strates TEF signals are observed regularly be-

ween 30 and 50 mc and sometimes as high as 75

mc. Signal strengths were high and at times

were close to the calculated free space signal

strength, strongly suggesting ray focusing• Rapid

fading of the signal was observed. The depth of

fading varied from at least 35 db to shallow

fading of a few db.

i. 638: Characteristics of Other Natural Propagation Media

Included: Exospheric propagation; Exospheric ducts; Extra-terrestrial propagation media•

Principal Publications:

A POSSIBILITY OF THE LONG DISTANCE

ft. F. PROPAGATION ALONG TtlE EXO-

SPttERIC FIE LD-A LIGNED IONIZATIONS

T. Obayashi, Rep. Ionosphere Space Res.,

vol. I3, no. 3, Sept. 1959, p. 117/186.

Trmlsequatorial very long range echoes of

the order to 7000 krn detected by the h.f. back-

scatter sounder at ltiraiso are interpreted as

the ground back-scatter propagation launched

on the path along the exospherie field aligned
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ionizations. Ray path calculation on this longi-

tudinal mode of propagation between the geo-

magnetically conjugate points along its field

line is made for various geomagnetic latitudes.

• . . A possible use of this propagation mode

of backscatter as a tool of exospheric sounding

is suggested.

ELECTROMAGNETIC WAVE PROPAGATION IN

TIIE SUPER ItIGIt ATMOSPIIERE (EXO-

SPIIERE)

American Meteorological Society, Boston, Mass.,

Nov. 1962, 22 p., AD410 900.
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. . • problem of radio propagation in a gyro-

tropic plasma• It is shown that the earth's exo-

sphere is divided into four domains by three

characteristic frequencies which specify the

condition of local plasma . . . There are dis-

cussed various mechanisms generating radio
emissions due to the interaction of energetic-

charged particles with the plasma bearing

the magnetic field . . . observed radio emissions

originating in the ionosphere and the exosphere.

PROGRAMMING STUDY FOR HIGH FREQUENCY

EXOSPHERIC DUCTING

R. Beadle, et al., Electronic Associates, Inc.,

Princeton, N. J•, Research and Computation

Div., Nov. 2, 1962, 54 p., 2 refs., Technical

Rept. no. 1, N63-19517 and also AD 410 285.

This report presents specific analog-computer

programs effective in the solution of a two-

dimensional simplified description of the ray

paths of radio waves propagating into the earthTs

exosphere• The main phenomenon examined

concerns the conditions necessary for a high-

frequency { _14 meg) radio wave to be trapped in

a channel of _nhanced ionization that is parallel

to one of the earth's magnetic-field lines• Com-

plete circuit diagrams, a typical computer output
plot, and detailed descriptions of special purpose

circuits required to simulate the plasma channel
are included•

1• 639: Experimental Evaluation of Propagation Media

Included: Sweep frequency pulse sounding; Oblique incidence sounding techniques; Lunar Reflection

experiments to study ionospheric electron density; Satellite experiments for ionospheric studies;

Digital ray tracking procedure; Incoherent scatter techniques for ionospheric exploration; Step

frequency backscatter sounding; FM technique of VLF whistler observations; Light modulated scat-

tering technique for diffraction field measurements.

Not Included: Ionospheric sounding techniques for adaptive communications (2); Ionospheric research

satellites (4B); Geophysical research with sounding rockets.

Cross References: Measurement, recording and simulation of time variant channels {1• 619); Com-

puter programs to analyze communications channels (1. 619); Mathematical models of propagation

media (1• 639}; VLF results of satellite experiments (1. 642}.

Principal Publications:

FREQUENCY VARIATIONS IN SHORT-WAVE
PROPAGATION

T. Ogawa, l>roc. IRE, vol. 46, Dec. 1958,
p. 1934/1939.

• . . utilizing the standard frequency trans-

mission of station JJY in Tokyo. The distance

from the station to the receiving point was about

360 kin. The propagation of signals (at 5 me at

night and 10 mc throughout 24 hours) which are

widely used for communication service was ac-

companied by considerab_ large frequency
variations, up to 3 x 10-_.

AN AMPLITUDE DISTRIBUTION FUNCTION

ANALYZER

E.E. Austein, Cornell U. School of Electrical

Engrg., Ithaca, N.Y., Aug. 1959, 91 p.

Scientific rept. no. 3 on Radio Scattering in

the Troposphere, {Research rept. no. EE
434; AFCRC TN-59-950), AD230372.

FURTHER RESULTS OF SWEEP-FREQUENCY

OBLIQUE-INCIDENCE PULSE TRANSMIS-
SIONS

W. Dieminger, et al., J. Atmos. Terr. Phys.,

vol. 14, April 1959, p. 179/180.

THE STRUCTURE OF HF SIGNALS REVEALED

BY AN OBLIQUE INCIDENCE SWEEP

FREQUENCY SOUNDER

D.J. Doyle, et al., IRE Trans. Antennas

Propagation, vol. AP-8, no. 4, June 1960,

p. 449/451.

OBSERVATIONAL RESULTS OF VHF, UHF
AND SHF PROPAGATION BEYOND THE

RADIO HORIZON

A. Takahira, et al., J. Radio Res. Lab.,

vol. 7, May 1960, p. 197/211.

The results are reported of a series of trans-

horizon propagation experiments over a 125 km

path• Frequencies used were 150, 600, 3000

and 10,000 M/cs. The authors conclude that in

daytime, the mode of propagation at v. h.f. con-

sists of the superposition of reflected and dif-

fracted waves; at u. h.f. the reflected wave, and

at s.h.f, the scattered wave predominates. At

nighttime, the reflected wave predominates in

all frequency bands•

RAPID FREQUENCY ANALYSIS OF FADING
RADIO SIGNALS

J.M. Watts, et al., J. Geophys. Res.,

vol. 65, Aug. 1960, p. 2295/2301.

STUDIES IN IONOSPHERIC PROPAGATION

H. Hoogasian, Raytheon Co., Waltham, Mass.,

Final rept. i Feb. 1960-31 May 1961, 30

June 1961, 116 p., AD 268 270.

• . . The primary objective was to design and

perform conventional pulse propagation experi-

ments to study transmission characteristics.

Specific areas . . . a spectrum analysis of back-

scatter.., special attention to the phase sta-

bility of the signals under normal and disturbed

conditions, investigation of properties of signals

circulating around the world, and an investigation
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ofsporadicEbackscatter. . . theproblemof
instrumentingthistechniquewastakenupin
detail.

LOCATIONOFHFRADIOSTATIONSFROM
THEIRFADINGCHARACTERISTICS

A•E. Laemmel,MicrowaveResearchInst.,
PolytechnicInst.ofBrooklyn,N.Y., 19
Oct•1961,57p., incl. illus•,ll refs.
(Rept•no.PIBMRI-962-61,Scientific
rept•no.1),(AFCRL62-79),AD278705.

• . . Observationsaremadeatonereceiving
stationofthefluctuationsofcarrierlevelof
AMsignals.Themainemphasishasbeenon
ionosphericallypropagatedsignalsin therange
3-30mc. Theapproachusedisstatistical,and
is formallysimilartoothercurrentprojectswhich
comeundertheheadingof'patternrecognition'.
RADCTRINIDADTESTSITE.VOLUMEV, A

STUDYOFTHEIONOSPHEREUTILIZING
THEINCOHERENTSCATTERTECHNIQUE

GeneralElectricCo.,Syracuse,N.Y., 30June
1961,86p., incl.illus., Finalrept., phase1,
RADCTDR61-194,vol.5, AD401912.

• . . analysisofionosphericincoherentback-
scatteredechoesdisplayingFaradayrotational
effects. . .

ROCKETANDSATELLITEIONOSPIIERESTUDIES
USINGA DIGITALRAYTRACINGPRO-
CEDURE.SUMMARYREPORT

G.A.Dulk,etal., BallisticResearchLabs•,
AberdeenProvingGround,Md.,Dec.1962,
158p., (BRLReportno.1163),AD299270.

SYSTEMCONCEPTSFORA COMMON-USER
RADIOTRANSMISSIONSOUNDINGSYSTEM
(CURTS)

R.G. Gould, et al., Stanford Research Inst.,

Menlo Park, Calif., Final rept., Oct. 1962,

241 p., incl. illus., tables, 12 refs., AD

288 102.

A Common-User Radio Transmission Sounding

System (CURTS) is studied. It is demonstrated

that oblique ionospheric sounders can find usable

frequencies during periods of a disturbed iono-

sphere and that usable frequencies can be pre-

dicted with high accuracy for periods of a quarter

of an hour or more during times of average

magmetic activity .... A systems operational

concept for use of sounders is described and

analyzed .... Problems that have arisen

during field tests arc discussed . . .

SOME PRELIMINARY RESULTS FROM AN

OBLIQUE INCIDENCE STEP SOUNDER LINK

W.R. Vincent, et al., Conf. Proc. Nat. Winter

Conv. Mil. Electronics, vol. 1, Feb. 1962,

p. 280.

Since July 1961 . . . duplex Philips oblique

sounder system between Palo Alto, California

and Fort Monmouth, New Jersey• The path is

being used to study ttF propagation as it applies

to communication systems ....
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FIELD-STRENGTH MEASUREMENTS IN A

MULTIPATH FIELD

C.C. Watterson, National Bureau of Standards,

Boulder, Colo., 28 June 1962, 21 p., incl.

illus., (Technical note no. 1, NBS rept. no.

7600), (RADC TDR 62-339), AD 284 571.

• • . often are ambiguous because of the pre-

valence of multipath propagation. A method of

making field-strength measurements in a multipath

field from which it is possible to calculate the

amplitude, polarization, relative time phase, and

direction of arrival of each of the multipath

components is given. It is an aperture-synthesis

technique which requires that the amplitude and

phase of the signal from a moving antenna be

measured as the antenna is moved successively

along three orthogonal straight-line paths ....

IONOSPHERIC RESEARCH AND PROPAGATION

STUDIES

H.D. Webb, et al•, Electrical Engineering Re-

search Lab., U. of Illinois, Urbana,

Quarterly progress rept. no. 8, 1 April-30

June 1962, 30 June 1962, 14 p., incl. table,
AD 282 100•

A calibration program was started for measur-

ing the beamwidths and gains of the antenna at

approximately 50 mc intervals from 300 to 1200 mc,

using the sun as a radio source . . . Si_,mals re-

ceived by reflection from meteor bursts should

be at the same frequency as the transmitted

frequency except for a small Doppler frequency

component due to ionospheric winds• Moon re-

flected signals were received on 47 days during

the period for a total of approximately 470

hours ....

STUDY OF THE ARCTIC IONOSPHERE BY

MEANS OF STEP-FREQUENCY BACKSCATTER
SOUNDING

H.F. Bates, Geophysical Inst., U. of Alaska,

College, Final Report. June 1963, 11 p.,

AFCRL 63 184, AD 412 950.

• . A Granger step-sounder was installed

and operated in the backscatter mode at College,

Alaska. Preliminary results indicate that direct

backscatter echoes from the E and F regions

predominate when sounding north ....

SPACE DIVERSITY RECEPTION IN

TROPOSPERIC SCATTER FIELD

MEASUREMENTS

V. Biggi, Compagnie Generale de Telegraphic

sans fil, Paris (France) Final rept., 15 June
1963, 17 p., AFCRL 63 356, AD 419 971.

• . . measurements . . . over a period of one

year (March 1962 to March 1963) on a swept

frequency tropospheric scatter link operated

at S band. The frequency transmitted is swept

over a range of 200 Mc/s at a rate of 10 c/s. The

receiver covers the same band in synchroniza-

tion with the transmitter. Reception is effected

in space diversity by means of two antennas

whose spacing is variable. Successive sweeps

are received alternately on the two antennas ....
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ETUDl_ EXPERIMENTALE DE LA STRUCTURE

FREQUENTIELLE INSTANTANEE DE LA
PROPAGATION EN MILIEU HETEROGENE

(Experimental Study of the Instantaneous
Frequency Structure of Propagation in a
Heterogeneous Medium)

J. Biggi, et al., IN: RADIO WAVES AND
CIRCUITS, Proceedings of Commission VI
on Radio Waves and Circuits during the XIIIth

General Assembly of URSI, London, Sept. 1960.
Edited by Samuel Silver, New York, Elsevier
Publishing Co•, 1963, p• 269/273, In French,
with summary in English, A64-10838.

A transmitter-receiver system equipped with
carcinotrons made by C.S.F. allows scanning in
/120 sec of a frequency band of 200 Me in the
frequency range of 3,000 Mc. When used over a

link of 300 km, this equipment permits a rapid
analysis of the frequency structure of tropospheric
propagation beyond the horizon .... results on
the instantaneous frequency band which can be

propagated through the irregular medium of the
troposphere ....

THE USE OF AN HF LUNAR REFLECTION CIR-

CUIT IN THE STUDY OF IONOSPHERIC ELEC-
TRON DENSITY

J• R. Davis, et al•, Naval Research Lab•, Wash-

Ington, D• C•, 19 July 1963, 15 p. refs•, (NRL-
5968, AD 414 850), N64-15130.

A high-power HF transmitter has been used to
illuminate the moon at moonrise. The returned

signals that have been observed display both the
smooth-sphere scattering components and the
rough-scatter components reported previously
by observers utilizing the VHF and UHF bands
• . . analyzed . . • possible extent of polariza-

tion-rotation undergone by radio waves traversing
the ionosphere• The rotation of the plane of

polarization has been found, on each occasion, to
have a distinct echo-fading frequency as the ray
path rises through the ionosphere• In the present
investigation, the fading period varied from 90
to 113 seconds•

AN IMPROVED SYSTEM FOR RECORDING THE
PHASE AND AMPLITUDE OF VLF AND LF
STANDARD FREQUENCY TRANSMISSIONS

A.H. Diedc, NBS, Boulder, Colo., 28 Jan.
1964, 79 p., AD 433 249•

• • . The versatility and ease of maintenance
of the system has been greatly improved by the
use of modular construction and plug-in prInted
circuit boards .... for coherent measure-

ments in the LF and VLF region ....

RESEARCH IN CONNECTION WITH PROPAGATION

OF HIGH FREQUENCY (HF) WAVES
J. Eitzenberger, et al., Battelle Inst., Frankfurt

Am Main (W. Germany), Special Technical Re-

port, July 1, 1962-June 30, 1963, N63-21673.

• . . short wave radio propagation . . . (1) the
development of a special narrow-band gain stable
receiver for the purpose of measuring ionosphere
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fluctuations over long distances; (2) measurements
of the ionosphere Doppler effect and the MSF fre-
quencies 2•5 and 5• 0 inc. • •

RADIO WAVE PROPAGATION FROM SPUTNIK III
N. C• Gerson, J. Atoms. Terr. Phys.,

vol. 25, Dec. 1963, p. 699/706, 15 refs.,
A64-13974.

• . • results of observations of the 20-Me
emissions from Sputnik III satellite recorded

during the period of May 16 to June 6, 1958.
Propagation modes, effects of ionospheric dis-
turbanees, and antipodal propagation are dis-
cussed ....

A STUDY OF INTERFERENCE IN THE ALOUETTE
TOPSIDE SOUNDER RECORDS

T• R. Hartz, Defense Research Telecommuni-

cations Establishment (Canada) Oct. 1963,
14 p., AD 430 222.

The Alouette ionograms . . . are found to be

of poor quality because of unidentified man-
made interference .... mainly prevalent over
densely populated regions of the world and
seriously degrades the night-time ionograms ob-
tained at stations like Ottawa and Winkfield

• . . not apparent in recordings from the South
Atlantic station• The most probable cause of the
interference is ground transmissions that propa-
gate above the F-region critical frequency and
intermodulate in the satellite receiver. No evi-

dence has been found for a contribution to the
interference by way of the whistler mode of
propagation.

AN ANALYSIS OF THE INTERFERENCE

POTENTIAL OF AN OBLIQUE IONOSPHERIC
SOUNDER

H. Kimball, IIT Research Inst., Chicago, Ill.,
Aug. 1963, 28 p., AD 417 357.

• . . effects of potential HF interference

which might be produced by an ionospheric
sounder operated between Navy communication
stations near Washington, D. C., and Honolulu,
Hawaii. The sounder uses a transmitter and

receiver at each station and emits pulses of dif-
fering widths, at varying repetition rates, and
with center frequencies distributed at selected

points the 2-32 mc band. The analysis consid-

ered interference to telephony, telegraphy, and
facsimile, those being the three types of service
predominant in that band ....

A STUDY OF IONOSPHERIC IRREGULARITIES
USING SATELLITE TRANSMISSIONS AT
54 MC/S (In Swedish)

L. IAszka, Arkiv. for Geofysik, 4:9, 9 Jan.
1963, p. 227/246, AD 403 613.

A statistical analysis of the diffraction pat-
tern produced by radio waves from artificial
satellites is presented.
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SIMULTANEOUS FARADAY FADING RECORDS
OF SATE LLITE SIGNALS

J. Mass, (Israel Annual Conference on Aviation
and Astronautics, 6th Tel Aviv and Haifa,

Israel, Feb• 24, 25, 1964, Proceedings),
Israel Journal of Technology, vol. 2, no. 1,
1964, p. 21/26, 13 refs•, A64-16195.

• . . Faraday fading rate of a satellite's radio
signal should be independent of the observer's

position• A comparison of simultaneous Faraday
records of the Explorer 7 satellite,as recorded
at four European stations,tends to confirm

this.... may solve the problem of determining
the totalelectron content as well as itshorizontal

gradient.

RADIO PROPAGATION ALONG MAGNETIC
FIELD-ALIGNED SHEETS OF IONIZATION
OBSERVED BY THE ALOUETTE TOPSIDE
SOUNDER

D.B. Muldrew, Defence Research Telecom-
munications Establishment, Ottawa (Ontario),
7 June 1963, 16 p., AD 437 408•

Some of the traces obtained from the topside
sounder ionograms recorded at low latitudes are
identified as being caused by propagation along
magnetic field-aligned sheets of ionization•
• . . compared with the vertical electron-density
distribution obtained from the regular topside F-

layer traces• Close agreement.., indicating
• • . that radio waves propagated along the field

lines are reflected very near the vertical-inci-
dence reflection level•

INVESTIGATING IONOSPHERIC DUCTING WITH
TIIE ORBIS BEACON

J• P. Mullen, Air Force Cambridge Research
Labs•, Bedford, Mass., Jan. 1964, 19 p.,
AFCRL 64 29, AD 430 420.

An experiment is described which uses a satel-

lite-borne, two-frequency HF beacon to perform
a synoptic investigation of ionospheric ducting•
The expected ducting modes are described quali-
tatively and quantitatively using the AFCRL ray
tracing computers•

REDUCTION AND ANALYSIS OF EXPLORER VI
AND PIONEER V DATA, VOLUME I

A. Rosen, et al., Space Technology Labs., Inc.,

Redondo Beach, Calif., Final Report, 60
Nov. 1962, 199 p., refs., Rept• 8626-6006-

RU000, N64-17677.

• . . discussed: (1) the structure composition
and dynamics of the Radiation Belt during August
and September 1959; (2) Explorer VI Satellite
observations of the geomagnetic field during
magnetic storms; (3) Pioneer V data reduction and
analyses; (4) an investigation of signal fading on
Explorer VI and Pioneer V transmission; and
(5) satellite signal fluctuation caused by ionos-

pheric irregularity.
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HF COMMUNICATION EFFECTS SIMULATION:

INSTRUMENTATION AND OPERATION OF
THE FIELD EXPERIMENT

R•A. Shepherd, Stanford Research Inst.,

Menlo Park, Calif., Interim rept. 3,
Dec. 1963, 103 p., AD 434 554•

• . . examination of six propagation paths,
some of which pass through the auroral zone and
some of which are south of the zone .... ex-

amined with oblique-incidence ionosphere sound-

ers which collect propagation data between 4 and
64 Mc. Two of the paths are also studied using
a phase-stable CW system for the measurement
of phase and amplitude of propagated signals.
The primary equipment used in the experiment,
consisting of Granger Associates ionosphere
sounders and of a phase-stable CW system de-
veloped by SRI, is described . . .

IONOSPHERIC ELECTRON CONTENT AND ITS
VARIATIONS FROM FARADAY FADING OF

SATELLITE RADIO TRANSMISSIONS

Y. V• Somayajulu, et al., National Physical
Lab•, New Delhi (India), May 30, 1963, 27 p.,
18 refs. , A paper based on this report was

presented at the 4th Intern• Space Sci. Symp.
on COSPAR, June 3-12, 1963, Warsaw,
N63-22300•

• . . some preliminary results obtained of the
total electron content of the ionosphere up to 1200
kin, using Faraday-fading of the 20. 008 Mc Trans-
missions from the satellite 1962 Upsilon-1
(Cosmos V). The results reveal that the ratio of

the maximum daytime electron content up to 1200
km to the minimum reached in the early morning
hours is about 7 . . . The scale-height of the F-
region is 100 km during midday, and 50 km during
early morning hours• The results are compared
with earlier work and discussed•

THE REFRACTION OF SATELLITE SIGNALS.
II- EXPERIMENTAL RESULTS

J. E. Titheridge, J. Atmos. Terr. Phys.,
vol. 26, Feb. 1964, p. 177/191, 24refs.,
A64-16129.

Calculation of the scale height at the peak of
the F-layer and the total electron content of the
ionosphere over a period of 16 months, using
the records of the elevation of the 20 Mc signal
from the satellite Explorer 7.... The seasonal

variation is only half as large as that shown by
similar measurements in the northern hemisphere,

suggesting that the world-wide decrease in the
critical frequency of the ionosphere in June results
from an increase in the temperature of the ionos-
phere. . . •

A LIGHT-MODULATED SCATTERING TECHNIQUE
FOR DIFFRACTION FIELD MEASUREMENTS

A.M. Vural, et al., Journal of Research, Section
D--Radio Science, vol. 68D, April 1964,
P. 355/362, 12 refs., A64-17492.
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Descriptionofascatteringtechnique,em-
ployinglightmodulation,formeasuringmicro-
wavediffractionfields. A smallphotoelectric
cellis suspendedin thefieldasascatter,and
light,pulsedatanaudiorate,is shoneupon
it. Onlythesigrmlscatteredbackbythephoto-
electriccellis modulated.A coherentdetector
is usedwhichhasanoutputvoltageproportional
tothesquareofthetangentialcomponentofthe
fieldbeingmeasured... Extensivedataand
three-dimenstenalgraphsofamplituderatiosfor
thenear-zonediffractionfieldsoffinitecones
arepresented•

IONOSPHERICRESEARCHANDPROPAGATION
STUDIES

H.D.Webb,ElectricalEngineeringResearch
Lab• U. of Illinois, Urbana, Quarterly pro-
gress rept. no. 12, 1 April-30 June 1963,
30 June 1963, 20 p., AD 437 568.

Observations of moon reflected signals were
made on 20 days for a total of 191 hours . . . The
relative polarization angle was read out from all
of the records. The relative electron content
has been calculated for all of this data . . .

INVESTIGATION OF PHASE INTERACTION AS

A MEANS FOR THE STUDY OF THE LOWER
IONOSPHERE

S. Weisbrod, Ionosphere Research Lab., Penn.
State U., University Park, 1 March 1964,
AFCRL 64 32, AD 435 736.

. . . a new technique . . . based on the

simultaneous observations of phase and amplitude
wave interaction .... To measure, or even to
detect . . . minute changes in the phase of
ionospherically reflected echoes, which are sub-
ject to rapid amplitude fading and phase tumbling,
required the development of special techniques and
instrumentation. The scheme is based on the

extension of the Fejer pulse technique which has
been used in the past by a number of investigators
in the study of the amplitude interaction. The
theory of interaction is extended and generalized
by the introduction of the complex coefficient of
interaction, which embodies both amplitude and

phase effects .... On the average, below 75 or
80 kin., the phase perturbations, measured in
radians, are stronger than the amplitude perturba-
tions.

IONOSPHERIC REFRACTION ERRORS MEA-
SURED IN THE DOPPLER SHIFT OF RADIO
TRANSMISSIONS FROM ARTIFICIAL EARTH
SATELLITES

J.F. Willman, et al., Defense Research Lab.,
U. of Texas, Austin, 11 Feb. 1963, lv., Rept.
no. DRL 491, AD 415 771.

Data from eighty-five passes of Satellite 61151
occurring from September 1961 to June 1962, are

chosen to illustrate variations of electron density
resulting from time of day, direction of the pass,
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and seasonal changes . . . variations in mag-
nitude of the higher order refraction error
terms . . . evidence of horizontal and vertical

gradients in the electron density.., error

analysis of the refraction error digital com-
putation program . . . Synthesized Doppler
data with varying amounts of error are processed
by the IBM 1620 and the results are shown.

{No title)
Defense Research Telecommunications Estab-

lishment (Canada), Annual rept. for 1963,
March 1964, lv., DRTE 1135 U, AD 436
278.

Contents: In Flight Performance of Alouette
I; Scientific Results from Alouette I; Properties
of The Topside of the Ionosphere . . .

Related Publications:

MEASUREMENTS ON TIME-VARIANT COM-

MUNICATION CHANNELS

T. Kailath, IRE Trans. Inform. Th., (Intern•
Symp. Brussels 1962}, vol. IT-8, no. 5,
Sept. 1962, p. 229/236•

• . . problems of measuring the character-
istics of time-variant communication channels.

• . . the use of such media as tropo-seatter links,
meteor trials, auroral belt, and orbital-chaff
channels makes the assumption of slow changes

unsatisfactory .... The... signals.., pass
through a (linear or nonlinear) filter, A, for ex-
ample the ionosphere or an underwater link.
There is also an additive noise, n, usually due to
front end receiver noise or to co-channel inter-
ference. The measurement problem is to deter-

mine the parameters of the filter, A, by input-
output operations on the channel. That is, we
put in suitable probing signals . . . and make

appropriate computations on the output . . .
in order to calculate the filter parameters. There

is also, of course, the problem of determining
the characteristics of the additive noise . . .

DATA TRANSMISSION INVESTIGATION

R.F. Salava, Motorola, Inc., Chicago, Ill.,
Quaterly progress rept. no. 5, 11 Sept. -
10 Dec. 1963, 10 Dec. 1963, lv. Rept. no. 9,
AD 430 726.

Field test results obtained while transmitting
digital data over the AN/VRC-12 radio set are

• . . at 41.5 mc using FSK and Di-Phase modems.
• . . impulse noise from passing vehicles and
thunderstorms to multipath conditions from air-
planes .... When no severe disturbances were
present, many tests were conducted within a ten
mile radius without encountering any errors.
Near the range limit of the radio set (15 to 20
miles) error rates were found to vary from 10 to

the minus 4 power to 10 to the minus 2 power•
The digital Encoder and digital Decoder con-
strueted for the program are discussed... The
system is capable of providing error detection,
random error correction, burst error correction
and detection. Unique implementation in the de-

coder gives the system the capability of providing
a large number of cyclic codes.
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AN IMPROVED LOW FREQUENCY SWEEP

POLARIMETER

S. Weisbrod, et al., Ionosphere Research Lab.,

Penn State U., University Park, 1 April

1963, 30 p., incl. illus., 3 refs., Scientific
rept. no• 182, AFCRL 63-290, AD 401 674.

. • . describes an improved version of a low-

frequency polarimeter which is used in conjunc-

tion with the low-frequency sweep studies at the

Ionosphere Research Laboratory.

RESEARCH IN CON_q_CT!ON !X._TH PROPAGA-

TION OF HIGH FREQUENCY (HF) WAVES

Battelle Institut, Frankfurt Main (Germany)

Special technical rept., 1 July 1962-30 June

1963, 31 July 1963, iv., AD 418 494.

. . . (I) The development of a special narrow

band gain stable receiver for the purpose of

measuring ionosphere fluctuations over long

distances, and (2) Measurements of the ionos-
phere Doppler effect and the MSF frequencies 2.5

and 5.0 Mc carried out at the Battelle Institute

Section 1.64

Practical Propagation Characteristics of Special Wave Bands

Space communications links require engineering data for practically all wave ranges, from VLF to micro-

waves. This section attempts to compile references to such data without overloading the material with publi-

cations on physical fundamentals of propagation theory or with design information on specific equipment.

References to millimeter wave technology and to optical communications appear in volume 3B under advanced

techniques for space communications.

Information on special classes of communications channels will follow in the next sections. The material of

this section has been selected exclusively on the basis of wavebands.

1. 641: Comparison of Propagation Effects in Several Wavebands

Included: Effects of nuclear explosions on propagation; High altitude explosions.

Not Included: Detection of nuclear explosions.

Principal Publications:

AN EXPERIMENTAL INVESTIGATION OF THE

EFFECTS OF RADIATION ON THE

PROPAGATION OF E LECTROMAGNETIC

SIGNALS IN AIR

M.N. Hirsh, etal., G. C. Dewey and Co., Inc.,

New York, Quarterly progress rept. no. 4,

1 April - 30 June 1962, 30 June 1962, 22 p.,

Rept. no. R146 4, AD 418 646.

THE EFFECT OF HIGH-ALTITUDE NUCLEAR

EXPLOSIONS ON RADIO COMMUNICATION

H.P. Williams, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 4, Oct. 1962, p. 326/338.

• . . considerable interference with long dis-
tance radio communication resulted from the ex-

plosion of the two 4-MT bombs at high altitude

over Johnston Island in August, 1958. A study

was made of the effects reported in unclassified

literature with the object of finding which type

of transmissions, if any, could still be relied
upon under such conditions•

The conclusion reached is that VHF links using

meteorscattcr or ionoscatter propagation would

have escaped the severe blackouts experienced

with LF, MF and HF transmissions. The positive

disruption of such VIIF links requires some i00

times more ionization than was produced by these
bombs. To a lesser extent VLF transmissions

would also have escaped a blackout--in this case

it is estimated that some I0 times the ionization

is required for a blackout ....

THE EFFECTS OF IHGH ALTITUDE NUCLEAR

EXPLOSIONS ON TIlE PROPAGATION OF

V. L. F. WAVES

B. Burgess, et al., Royal Aircraft Establishment,

Farnborough (England), Aug. 1963, 41 p.,

RAE TN RAD842, AD 423 109.

A number of VLF transmissions were being

monitored at various locations throughout the

world during the latter half of 1962, when a num-

ber of American and Russian high altitude nuclear

explosions occured.., showed that the lower

ionosphere (less than 90 l_n altitude) could be af-

fected by geomagnetically trapped radiation

particles from the explosion over the major part

of the world within minutes of the explosion.

• . . The major effects observed can be semi-
quantitatively explained on current tmowledge of

VLF propagation and nuclear and particle physics.

Further the effects of the nuclear explosion have

confirmed certain hypotheses concerning ano-

malous VLF propagation phenomena.

VLF ANOMALIES OBSERVED AT STATE COL-

LEGE, PA., DURING TIlE U.S. 1962 HIGH-
ALTITUDE NUCLEAR TESTS

C.F. Sechrist, Jr., (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Col., Aug. 12-14, 1963, Paper 68D1-326.),

Journal of Research, Section D - Radio

Science, vol. 68D, Jan. 1964, p. 125/133,

17 refs., A64-14699.
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VLF DISTURBANCES CAUSED BY THE NUCLEAR

DETONATION OF OCTOBER 26, 1962

A.J. Zmuda, et al., J. Geophys. Res., vol. 68,

July i, 1963, p. 4105/4114, 33 refs., A63-
20136.

Study of sudden and delayed VLF perturbations
that followed the nuclear detonation of Oct. 26,

1962, in the vicinity of Johnston Island...

1.642: Very Low Frequency Propagation

Included: VLF interplanetary communications; VLF satellite experiments; LF polar propagation;

Whistler mode of propagation for man-made signals; ELF-electromagnetic radiation; Mode theory

of VLF propagation; Nonreciprocal east-west VLF propagation; Musical atmospheres; Magneto-

ionic duct propagation.

Not Included: VLF standard frequency transmissions.

Cross References: ELF and VLF atmospheric noise (1. 722); FM technique for observation of VLF

whistler mode propagation (1. 639); SID and VLF propagation (1. 633); Transequatorial VLF

propagation (1. 637}; Arctic VLF propagation.

Principal Publications:

PHASE VARIATIONS OF 16 KC/S TRANS-

MISSIONS FROM RUGBY AS RECEIVED

IN NEW ZEALAND

D.C. Crombie, et al., Proc. Instn. Elect.

Engrs., pt. B, vol. 105, May 1958, p.
301/304.

DIFFERENCES BETWEEN THE EAST-WEST

AND WEST-EAST PROPAGATION OF

VLF SIGNALS OVER LONG DISTANCES

D.D. Crombie, J. Atmos. Terr. Phys.,

vol. 12, 1958, p. 110/117.

ON COMMUNICATION IN THE SEA BY

VLF ELECTROMAGNETIC WAVES

K. Furutsu, J. Radio Res. Labs., vol. 5,

Jan. 1958, p. 19/33.

OBSERVATIONS OF MAGNETO-IONIC DUCT

PROPAGATION USING MAN-MADE SIGNALS

OF VERY LOW FREQUENCY

R.A. Helliwell, et al., Proc. IRE, vol. 46,

April 1958, p. 785/787.

TRANSMISSION LOSS CURVES FOR

PROPAGATION AT VERY LOW RADIO

FREQUENCIES

J.R. Wait, IRE Trans. Commun. Syst.,

vol. CS-6, Dec. 1958, p. 58/61.

ON PROPAGATION VELOCITY OF ELECTRO-

MAGNETIC WAVES AT AUDIO FREQUENCY

Y.L. Al'pert, et al., Radiotekh. Elektron.,

vol. 4, Feb. 1959, p. 195/201.

VLF REFLECTIONS FROM THE IONOSPHERE

IN THE PRESENCE OF TRANSVERSE

MAGNETIC FIELD

N.F. Barber, et al., J. Atmos. Terr. Phys.,

vol. 16, Oct. 1959, p. 37/45.

ATMOSPHERIC WHISTLERS

R.A. Helliwell, et al., Proc. IRE, vol. 47,

Feb. 1959, p. 200/208.

VERY-LOW FREQUENCY SPECTRA OF

ATMOSPHERICS PROPAGATED THROUGH

THE IONOSPHERE

T. Obayashi, Nature, vol. 184, July 1959,

p. 34/36.

A report of experimental results which
support the mode theory suggested by Budden.

OBSERVATIONS ON NSS PROPAGATED BY

DOUBLE-HOP WHISTLER MODE

H.O. Peterson,, et al., IRE-URSI Joint

Meeting, Oct. 19-21, 1959, San Diego,
Calif.

ATMOSPHERICS AND THE PROPAGATION

OF RADIO WAVES OF FREQUENCIES
LESS THAN 1 KC

E. T. Pierce, IRE-URSI Joint Metting, Oct.

19-21, 1959, San Diego, Calif.

DIURNAL CHANGE OF IONOSPHERIC

HEIGHTS DEDUCED FROM PHASE

VELOCITY MEASURMENTS AT VLF

J.R. Wait, Proc. IRE, vol. 47, May 1959,

p. 998.

CHANGES IN THE FADING SPEED OF LOW-

FREQUENCY RADIO WAVES

W.A. Cilliers, J. Atmos. Terr. Phys.,

vol. 18, no. 4, Aug. 1960, p. 339/341.

A FOUR-YEAR SUMMARY OF WHISTLER

ACTIVITY AT WASHINGTON, D. C.

H.E. Dinger, J. Geophys. Res., vol. 65,

no. 2, Feb. 1960, p. 571/575.

GEOMAGNETIC DISTURBANCES AND 5

KILOCYCLES PER SECOND ELECTRO-

MAGNETIC RADIATION

G.R. Ellis, J. Geophys. Research, vol. 65,

June 1960, p. 1705/1710.
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ON THE THEORY OF REFLECTION OF LOW

AND VEl< Y-LOW-RADIOFREQUENCY

WAVES FROM THE IONOSPHERE

J.R. Johler, et al., J. Res. Nat. Bur.

Stand., vol. 64D, no. 3, May- June

1960, p. 269/285.

POSSIBLE APPLICATION OF THE SYSTEM

LOSS CONCEPT AT ELF

K.A. Norton, J. Res. Nat. Bur. Stand.,

vol. 64D, no. 4, July- Aug. 1960,

p. 413/414.

TIlE PROPAGATION OF RADIO WAVES

OF FREQUENCY LESS THAN 1 KC

E. T. Pierce, Proc. IRE, vol. 48, no. 3,

March 1960, p. 329/331.

A BRIEF SURVEY OF VARIOUS PARA-

METERS RELATING TO THE PROPAGA-

TION OF VLF SIGNALS

F. Secretan, et al., Collins Radio Co.,

Western Division, April 1960, p. 1/20.

DAYTIME ATTENUATION RATES IN THE

VERY LOW FREQUENCY BAND USING
ATMOSPHERICS

W.L. Taylor, J. Res. Nat. Bur. Stand.,

vol. 64D, no. 4, July- Aug. 1960,

p. 349/355.

VLF ATTENUATION FOR EAST-WEST AND

WEST-EAST DAYTIME PROPAGATION

USING ATMOSPHERICS

W.L. Taylor, J. Geophys. Res., vol. 65,

no. 7, July 1960, p. 1933/1938.

ON THE PROPAGATION OF ELF RADIO

WAVES AND THE INFLUENCE OF A

NONHOMOGENEOUS IONOSPHERE

J.R. Wait, J. Geophys. Res., vol. 65, no. 2,

Feb. 1960, p. 597/600.

TERRESTRIAL PROPAGATION OF VERY-

LOW-FREQUENCY RADIO WAVES: A
THEORETICAL INVESTIGATION

J.R. Wait, J. Res. Nat• Bur. Stand., vol. 64D,

no. 2, March- April 1960, p. 153/204.

A self-contained treatment of the wave-

guide mode theory of the propagation of very-

low-frequency radio waves is presented.
• . . influence of earth curvature is also

considered .... Other factors considered

are the influence of the earth's magnetic

field, antipodal effects, resonator type

oscillations, and the influence of stratification

at the lower edge of the ionosphere.
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INFLUENCE OF SOURCE DISTANCE ON

THE IMPEDANCE CHARACTERISTICS OF

ELF RADIO WAVES (Correspondence)

J.R. Wait, Proc. IRE, vol. 48, July 1960,

p. 1338/1339.

LF LINKS UNDER ARCTIC CONDITIONS

(In Norwegian)

J. Dalland, Telektronikk, no. 3-4, July-

Dec. 1961, p. 121/132•

The results of observations of the field

strength of some I.f. radio links in artic areas

are given, with special emphasis on the

behaviour during polar radio blackout conditions.

The observations were carried out at Isfjord

(Spitsbergen). Three transmitting stations
were recorded at 57" 7, 80"3 and 121"6 kc/s,

the distance being in the range from 1600 to

3000 km. Noise recordings were also made

on a frequency of 70 kc/s ....

THE PHASE VARIATION OF VERY-LOW-

FREQUENCY WAVES PROPAGATED OVER

LONG DISTANCES

B. G. Pressey, et al., Proe. Instn. Elect. Engrs.
Paper 3456 E., vol. 108B, March 1961,

p. 214/226.

The proposed use of very-low-frequency

waves (10-20kc/s) for navigational aids of the

phase-comparison type has led to the study of

the phase variations of these waves when

propagated over distances up to 6000 km ....

Measurements have been made.., between the

signals received from a single transmitter at

two spaced receiving stations. The two prin-

cipal transmitters used were Varberg, Sweden,

on a frequency of 17.2 kc/s and at a range of

1000 km, and Annapolis, United States, on

15.5 kc/s at a range of 6000 km. Receiver base-

lines, up to 280 km in length, were situated in
England and oriented both transverse to, and

along, the direction of propagation ....

RESULTS OF MEASUREMENT OF FIELD

INTENSITY OF V.L.F. WAVES OVER

GREAT DISTANCES

A. Sakurazawa, et al., J. Radio Res. Lab.,

vol. 8, no. 40, Nov. 1961, p. 425/439.

Field intensities of 18" 6 kc/s transmissions

from Oso, Washington, were continuously

recorded over a period of 1 1/2 years at the

Inubo Radio-Wave Laboratory, and 19" 8 kc/s

transmissions from Maui, Hawaiian Is., were

also recorded during the latter half year ....
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A NEW APPROACH TO THE MODE

THEORY OF VLF PROPAGATION

J.R. Wait, J. Res. Nat. Bur. Stand.,

vol. 65D, no. 1, Jan. -Feb. 1961,

p. 37/46.

Presents a concise derivation of the mode

theory of v.1. f. propagation. Taking note of
the fact that the important modes for long-

distance propagation are near grazing,

suitable approximate forms of the wave
functions are introduced at the outset, rather

than at the end, of the analysis. It is thus

possible to account for the influence of earth

curvature in a relatively concise manner.

The influence of the earth's magnetic field

is also discussed. Finally, numerical results

for the attenuation and the phase velocity of

the dominant mode are presented ....

IONOSPHERIC RADIO: XIIIth GENERAL

ASSEMBLY OF URSI, LONDON, 1960

W.J. Beynon (editor), New York, American

Elsevier Publishing Co., Inc., 1962, 262 p.

• . . 5) hydromagnetic waves and VLF
emissions . . .

PROPAGATION OF RADIO WAVES AT FRE-

QUENCIES BELOW 300 KC/S

W.T. Blackband (editor), Proc. of the 7th

Meeting of the AGARD Ionospheric Res.

Comm., Munich 1962, (AGARDograph 74)

Pergamon Press and Mac Millan Co.,

1964, 490 p., N64-19676, 30 papers.

ELF ELECTROMAGNETIC RADIATION

FROM SMALL EXPLOSIVE CHARGES

IN AIR AND WATER

G.D. Curtis, Proc. IRE, vol. 50, no. 11,

Nov. 1962, p. 2298/2301.

Two short series of tests involving meas-

uring low-frequency electromagnetic radia-

tion from ten-gram explosive charges in air

and water have revealed signals lower than

i cps, of duration occasionally greater than
fifteen seconds. Care was used to insure that

the signals were not of microphonic or other

spurious origin ....

SOME REMARKS ON "PENETRATION OF

THE IONOSPHERE BY VERY-LOW-FRE-

QUENCY RADIO SIGNALS"

(Correspondence)

H. Hodara, Proc. IRE, vol. 50, no. 9,

Sept. 1962, p. 2000.

In a recent article, Leiphart, Zeek, Bearce,

and Toth have published some interesting data

furnished by the Navy satellite "LOFTI I" . . .
Their conclusions . . . seem to confirm early

theoretical investigations done by the writer ....
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PROPAGATION OF TERRESTRIAL RADIO

WAVES OF LONG WAVELENGTH-

THEORY OF ZONAL HARMONICS WITH

IMPROVED SUMMATION TECHNIQUES

J,R. Johler, et al., J. Res. Nat. Bur. Stand.,

vol. 66D, no. 6, Nov. -Dec. 1962,

p. 737/773.

Demonstrates that the field of the prop-

agated long wavelength radio wave (fre-

quencies less than approximately 50 kc/s)

can be evaluated by a summation of a series

of zonal harmonics ....

PROPAGATION OF THE LOW-FREQUENCY

RADIO SIGNALS

J.R. Johler, Proc. IRE, vol. 50, no. 4,

April 1962, p. 404/427, AD 414 293.

• . . propagation in the time domain is

reviewed for linear amplitude systems ....

propagation of a ground wave pulse is consid-

ered in detail. A stretching in the form or

shape of the pulse is noted as a result of the

filtering action of the propagation medium.

Theoretical transfer characteristics for the

media of propagation of LF signals are

introduced and methods of computation are

considered ....

PROPAGATION PHASE VARIATION MEAS-

UREMENTS AT VERY LOW FREQUENCIES

J.L. Knox, Antenna Lab., Ohio State U.,

Research Foundation, Columbus, Scientific

rept. no. 17, (Rept. no. 1116-26), 31 Oct.

1962, 114 p. (AFCRL-63-44), AD 298 763.

DIFFERENT TYPES OF MUSICAL ATMOS-

PHERES AND THEIR RELATIONS TO

LIGHTNING DISCHARGES

E. Knudsen, et al., Uppsala U., Sweden,

1962, 19 p., AD 404 953.

The recording method at a whistler observa-
tion station allowed of a correlation between

lightning discharges and musical atmospheres

produced by them. About 700 musical
whistlers collected in 1958-1961 have been

analysed. It was found that about 70% of

the records were correlated to lightning

discharges and about 30% were not.

A SUMMARY OF LITERATURE PERTAINING

TO VLF AND ELF PROPAGATION

VOLUME ONE: A-K

F.H. Smith, Stanford Research Inst., Menlo

Park, Calif., July 1962, 418 p., AD 406

160.
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A SUMMARY OF LITERATURE PER-

_,_ TO VLF AND ELF PROP-

AGATION VOLUME TWO: L - Z

F.H. Smith, et al., Stanford Research

Inst., Menlo Park, Calif., July 1962,

iv., AD 406 161.

SURVEY AND BIBLIOGRAPHY OF RECENT

RESEARCH IN THE PROPAGATION OF

VLF RADIO WAVES

J.R. Wait, IN: RADIO NOISE OF TERRESTRIAL
ORIGIN. International Scientific Radio

Union, General Assembly, 13th, Commis-
sion 4 on Radio Noise of Terrestrial

Origin, Proceedings, London, England,

Sept 1960• New York, Elsevier Publishing

Co., 1962, p. 176/202, A63-22898.

. . . current knowledge of the application

of LF radio waves to long-range navigational
systems, communications, and world-wide

frequency standards. Recent research on

ground-wave transmission is described, and

ray and mode concepts of ionospheric prop-

agation are considered ....

COMMENTS ON "PENETRATION OF THE

IONOSPHERE BY VERY-LOW-FREQUENCY
RADIO SIGNALS - INTERIM RESULTS

OF THE LOFTI I EXPERIMENT"

(Correspondence)

C. Altman, etal., Proc. IEEE, vol. 51,

no. 1, Jan. 1963, p. 250.

NAVIGATION BY MEANS OF VLF RADIO

TRANSMISSIONS

O.J• Baltzer, Conf. Proc. Nat• Winter

Cony. Mil. Electronics, vol• 2, Feb.

1963, p• 13-26/13-31.

Use of carrier-stabilized VLF trans-

missions for frequency calibration and

precision timing applications is becoming

widespread• It is also possible to utilize

these same transmissions for radio navigation

purposes in areas where LORAN C and

OMEGA is not available . . • problems and

• . . accuracy limitations, both for "dead

reckoning" and for an absolute navigation

system ....

PRELIMINARY RESULTS FROM THE VERY-

LOW FREQUENCY RECEIVER ABOARD

CANADA'S ALOUETTE SATELLITE

R.E. BarrinKton , et al., Nature, vol. 198,

May 18, 1!)(;3, p. 651/656, A63-19276.

Presentation and analysis of VLF obser-

vations of whistlers and ionospheric noise

recorded by the Canadian Alouette satellite

(1962 Beta Alpha 1) ....
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THE OBLIQUE REFI,ECTIOU nF CW I,OW-

FREQUENCY RADIO WAVES FROM THE

IONOSPHERE

J.S. Belrose, In AGARD Propagation of Radio

Waves at Frequencies Below 300 kc/s,

1964, p. 149/165, ref• Pergamon Press

and Mac Millan Co., N64-19687.

• . . some measurements made on waves of

low and very low frequency reflected from the

ionosphere at oblique incidence are discussed,

specifically, the amplitude and phase variations

of waves propagated over distances up to
2,500 km over middle-to high-latitude paths

THE NORMAL PHASE VARIATIONS OF THE

18 KC/S SIGNALS FROM NBA OBSERVED

AT FRANKFURT, GERMANY

A.H. Brady, et al., National Bureau of

Standards, Boulder, Colo., 8 Dec. 1963,

34p., refs., (NBS-TN-20601), N64-13941

and AD 431 287.

. . . given in the form of monthly averages

and standard deviations at 5-minute intervals

. . . Short term normal phase differences are

also briefly discussed•

TttE NORMAL PtlASE VARIATIONS OF THE

18 KC/S SIGNALS FROM NBA OBSERVED

AT MAUI, HAWAII

A.H. Brady, et al., Central Radio Propagation

Lab., National Bureau of Standards, Boulder,

Colo., Rept, no. 2, 19 March 1964, 23 p.,

NBS TN206 2, AD 433 252.

• . . radiated from the Canal Zone and

received in Maui, Hawaii . . . monthly averages

and standard deviations at five minute intervals.

The relations between the diurnal variation in

the length of sunlit path are shown. The calcu-

lated mean diurnal change in effective height of
reflection is 13.7 km ....

TIIE NORMAL PHASE VARIATIONS OF THE

18 KC/S SIGNALS FROM NBA OBSERVED

AT BOULDER, COLORADO, U.S.A.

A.H. Brady, et al., Central Radio Propagation

Lab., National Bureau of Standards, Boulder,

Colo., 10 April 1964, 27 p., AD 435 848.

• . . given in the form of monthly averages

and standard deviations at five minute intervals.

The relations between the diurnal phase varia-

tions and the diurnal variation in the length of

sunlit path are shown .... Values of the

short term phase differences are also given.

h •
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. ON THE LONG TERM PHASE STABILITY

OF THE 19.8 KC/S SIGNAL TRANS-

MITTED FROM HAWAII, AND RECEIVED

AT BOULDER, COLORADO

A.H. Brady, Journal of Research, Section D-

Radio Science, vol. 68D, March 1964,

p. 283/289, 7 refs., A64-15843 and

AD 435 897.

The use of VLF signals for intercontinental

frequency comparision has become very

popular in recent years, and it has been shown

by other workers that a precision of about 2
parts in 1011 can be achieved with measure-

ments over a 24-hr period .... transmission

• • . studied for several periods of nearly

two weeks duration in 1962 .... ShOl_an
attainable precision of 2.5 parts in 10 in a

24-hr observation, extending to 3.1 parts
in 1012 in a 192-hr observation • . • there

is no evidence that the propagation conditions

over the path are limiting this precision ....

SOME EXPERIMENTAL RESULTS CON-

CERNING NONRECIPROCAL EAST-WEST

VLF WAVE PROPAGATION

B• Burgess, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14 1963, Paper 68D1-310.),

Journal of Research, Section D - Radio

Science, vol. 68D, Jan. 1964, p. 17/18,
5 refs., A64-14684

• . . experimental results substantiating

nonreciprocal propagation of VLF waves in
east-west and west-east directions ....

observations of phase of the VLF transmitter

NPM (19.8kc) in Hawaii, monitored at

Singapore, 11,000 km distant by short path,

and 29,000 km distant by long path ....

NATURAL ELECTROMAGNETIC FIELD

FLUCTUATIONS IN THE 3.0- to O. 02-

CPS RANGE

W.H. Campbell, Proc. IEEE, vol. 51, no. 10,

Oct• 1963, p. 1337/1342.

Using large loop antennas the ultra-low

frequency research group at the National

Bureau of Standards has studied the upper

atmosphere phenomena of geomagnetic micro-
pulsations• Data taken at a number of world

stations on both direct reading chart and
magnetic tape indicate a division into three

contributing phenomena for the frequency

range of 3.0 to 0.02 cps ....

ON A REMARKABLE CORRELATION BE-

TWEEN WHISTLER-MODE PROPAGATION

AND HF NORTHSCATTER

G.B. Carpenter, Stanford U., Calif., Stanford

Electronics Labs•, June 1963, 30 p., 6 refs.,
Scientific Report No. 4 and Technical

Report No. 2, (SEL-63-082; AFCRL-63-

692), N63-22678.
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• . . The geometry of F-region northscatter

is such that the scattering irregnlarities are in

the general latitude region in which the whistler-

mode signals are believed to be propagating...

PHASE VARIATIONS IN V.L.F. PROP-

AGATION

C.J. Chilton, et al., In AGARD Propagation

of Radio Waves at Frequencies Below 300
kc/s, 1964, p. 257/290, refs., Pergamon

Press and Mac Millan Co., N64-19695.

The experimental work describing the

variation in phase of VLF signals received

after ionospheric reflections at small and

large distances is reviewed.. • At all

distances, regular systematic variations in

phase occur when the path changes from day

to night • • •

VARIATIONS IN PHASE PATH OF MAN-

MADE ONE-HOP WHISTLER MODE

SIGNALS AT 18.6 KILOCYCLES PER
SECOND

D.D. Crombie, et al•, J. Geophys• Res•,

vol• 68, Dec. 1, 1963, p. 6229/6235,
A64-11578.

• . . from the VLF transmitter NPG near

Seattle, Washington, observed in New Zealand•

• . • characterized by a change in frequency,
presumably introduced by variations in the

phase path length. The observations indicate

that the phase path length can alter at a rate

of about 1 km/sec, and total phase path changes

of the order of 200 km can occur in a period
of 3 min ....

PERIODIC FACING OF VLF SIGNALS

RECEIVED OVER LONG PATHS DURING

SUNRISE AND SUNSET

Do D. Crombie, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14, 1963, Paper 68D1-313.)
Journal of Research, Section D - Radio

Science, vol. 68D, Jan. 1964, p. 27/34,
9 refs., A64-14687.

Account of fading phenomena over two

selected long paths, with an outlined explanation.

Observations of diurnal phase and amplitude

variations between NPM and NBA received at

Frankfurt are plotted, and comments made on

features of interest. Similar plots and comments
are made for seasonal variations and mean rate

of change of phase ....

OBLIQUE INCIDENCE PULSE MEASURE-

MENTS AT 100 KC/S

R.H. Doherty, In AGARD Propagation of Radio

Waves at Frequencies Below 300 kc/s,

1964, lv., p. 133/148, refs., Pergamon

Press and Mac Millan Co., N64-19686.
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Fastrisingpulsespropagatedoverlong
rangeshaveprovidedameansfor separating
theground-waveandvariousordersky-wave
timemodesat100kc. Amplitudeandphase
measurementsoftheoncereflectedskywave
showthatbesidesthenormalphasevariations
otherphenomenaoccur•Forexample,large
amplitudevariationsarenotaccompaniedby
phasevariation;phasedelaysmaydifferfor
oppositedirectionsofpropagationalongthe
samepath;theattenuationrateofthesignals
increaseswithlatitude. . • Theobserved
phenomenaareinterpretedasfurtherevi-
denceoftheexistenceofa low-altitudelow-
electrondensityregionintheionosphere.

EXPERIMENTALRESEARCHINVESTIGATION
OFEXTREMELYLOWFREQUENCYPROP-
AGATION

G•R.Dunn,etal., SpaceGeneralCorp•,El
Monte,Calif•,Finalrept., 28Feb.1964,
75p., Rept.no.212R8,AFCRL64164,
AD437777.

• . . measuringthecharacteristicsofCW
signalstransmittedovera400cpslink, over
adistanceof3000km. A67-milesectionof
powertransmissionlinewasusedtoradiate
the400cpsenergy.Datawhichcouldbe
reducedtoyieldsignalstrength,attenuation
rate,transmissionpathphasevariations,
andatmosphericnoiseamplitudeprobability
distributions(APD)wererecordedatthe
receiversite. Themeasuredattenuationrate
was3.5db/1000KMfornighttimepathand
9db/1000KMforadaytimepath.... Atmos-
phericnoisedatawererecordedforall trans-
missionperiods•Samplesofthesedataare
presentedintheformofamplitudeprobability
distributionsandimpulsesperunittime
distributions.Performancemeasurements
andcalculationsforthepowerlinetransmitting
antennaarepresented•

AUDIO-ANDSUBAUDIO-FREQUENCY
ELECTROMAGNETICRADIATIONAT
HIGHLATITUDE

A. Egeland,etal., KirunaGeophysical
Observatory(Sweden),25March1963,24p.,
AFCRL63475,AD404656

• . . specialemphasisonthe700cps

emission band . . . All the emissions at 700

cps are probably caused by the same physical

process or processes. The hypothesis that

the 700 cps signals are generated outside the

E-layer, by the arrival of protons is discussed.

VERY LOW FREQUENCY RADIO WAVE
PROPAGATION AT HIGH-LATITUDES

A. Egeland, et al., Kiruna Geophysical

Observatory (Sweden), 25 June 1963, 22 p.,

Scientific rept_ no. 1, 14 refs., AFCRL

Rept. no. 63 856, 14 refs., AD 415 186.
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Diurnal, seasonal and yearly variations of

the normal 16 kc signal strength from the

Rugby (GBR) transmitter . . . five years of

continuous recording (Sept. 1958 to May 1963)

at Kiruna Geophysical Observatory ....

AN INVESTIGATION OF THE NATURAL

ELECTROMAGNETIC RADIATIONS BE-

TWEEN 10C/S AND 10KC/S

A. Egeland, et al., Kiruna Geophysical

Observatory (Sweden) 20 Feb. 1964, 42 p.,

AFCRL 64 304, AD 437 820.

Naturally occurring electromagnetic

radiation in the audio-frequency range . . .

Several emission bands, which are quite

distinct from the normal background-signals

and are obtained as strong enhancements in

portions of the spectrum, have been recorded.

LONG TERM VARIATION OF IONOSPHERIC

REFLECTION HEIGHTS FOR V. L. F.
RADIO WAVES

A. Egeland, et al., J. Atmos. Terr. Phys.,

vol. 26, March 1964, p. 351/365, 16 refs.,
A64-16809.

RESEARCH [N CONNECTION WITH PROP-

AGATION OF VERY LOW FREQUENCY

(VLF)

J. Eitzenberger, et al., Batelle Institut,

Frankfurt Main (Germany) Interim annual

technical rept., 1 July 1962 - 30 June 1963,

31 July 1963, Iv., AD 419 257.

VLF receiving station Frankfurt/Main-

Receiving site . . . improvement and con-

struction of equipment . . . slow amplitude

recording device . . . Antenna problems and

construction; Noise suppression systems ....

APPLICATION OF VLF TO INTERPLANETARY

COMMUNICATIONS

J. Farber, et al., Rec. Nat. Space Elec.

Symp., 1963, p. 7.5.

• . . The presence of galactic and extra-

terrestrial noise in the plane of the ecliptic has

been a predominant factor in favoring the

microwave band for both deep space communi-

cations and interplanetary communications.

• . . adoption of S-band as the most favorable

telemetry band for NASA's deep space

probes .... lies within the radio window

of the earth's atmosphere (100MC - 10,000

MC) and represents a satisfactory compro-

mise between antenna aperture size, antenna

gain, power and receiver sensitivity at ranges
out to VENUS and MARS and MERCURY ....

As a result of recent measurements.., there

is mounting evidence to support the fact that

attenuation bands centered in the VLF part of

the spectrum exist around the planets and the

sun by virtue of their ionized atmosphere.

• . . resulting in extremely low noise levels

at VLF in interplanetary space ....
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EXTRA-LOW-FREQUENCYPROPAGATION
J. Galejs,SylvaniaElectricProducts,Inc.,

Waltham,Mass.,July1963,119p•,
AD417239.

TheprincipalamountofELFwaveenergy
remainswithinthesphericalshellbetween
theearthandtheionosphere.Theprop-
agationofthewavesdependsontheground
characteristicsandontheionosphere
properties.... Theexcitationof ELF
wavesbythunderstormsisreviewed.
Experimentaldataonpropagationcharac-
teristics and noise . . •

AN INTERPRETATION OF RAPID CHANGES

IN THE PHASE OF HORIZONTALLY

POLARIZED VLF WAVES RECORDED AT

NIGHT OVER A SHORT PATH IN THE

SOUTHWESTERN UNITED STATES

E.E. Gossard, et al., (VLF Symposium,

Boulder, Colo., Aug. 12-14, 1963.),

Journal of Research, Section D - Radio

Science, vol. 68D, March 1964, p. 265/274,

14 refs•, A64-15841.

. . • The observations show certain striking

features. The records of receivers placed
to the east of the transmitter are different

in character from records of receivers

placed in a correponding position to the west
of the transmitter. Characteristic records

of components polarized in the plane of

incidence are often very different from those

of components polarized normal to the plane

of incidence. Rapidly moving features often

pass over the triangle of receiving stations

causing 180 ° to 360 ° phase changes ....

AN EXPERIMENTAL STUDY OF THE PHASE

STABILITY OF VLF SIGNALS

D.E. Hampton, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug• 12-14, 1963, Paper 68D1-311.),

Journal of Research, Section D - Radio

Science, vol• 68D, Jan. 1964, p• 19/20,

A64-14685.

Examination of diurnal phase variation

records. Phase and amplitude of VLF signals

have been shown to be stable from day to day•

For distances exceeding 4000 km, phase

difference is linearly dependent on distance.

In cases of paths part in light and part in dark,

a "step" is assumed in the ionosphere height

at the dawn and dusk points, and phase velocity

is discontinuous across these points ....

RADIO PULSE PROPAGATION BY A REFLEC-

TION PROCESS AT THE LOWER

IONOSPHERE

J.R• Johler, Journal of Research, Section D-

Radio Propagation, vol. 67D, Sept. -

Oct. 1963, p. 481/499, 23 refs., A63-

25322.

• . . using a method that employs direct an-

lytic procedures for the evaluation of the Fourier

transform-integral for the gournd-wave pulse.

A previous analysis of the reflection coefficient

is employed to construct transfer functions for

the ionospheric wave . • . the behavior of LF

pulses propagated by a reflection process at

the ionosphere is determined for three models

for the lower ionosphere. The composite ground
and ionospheric pulse is formed, a method of

tagging a point-in-time on the pulse is detailed.

SOME RESULTS OF FIVE YEARS OF

WHISTLER OBSERVATIONS FROM

LABRADOR TO ANTARCTICA

T. Laaspere, et al., Proc. IEEE, vol 51, no. 4

April, 1963, p. 554/568.

• . . whistler data are averaged over a long

period of time to smooth out random short-
term variations . . . Local season is such a

strong factor in determining the shape of the
diurnal curves of observed whistler activity

that even in the case of the north-south

"Whistlers-East" chain of audio-frequency

receiving stations, diurnal curves of the

northern-and southern-hemisphere stations

tend to be similar not during the same period

of the year but during the same local season

at the point of observation .... The curves

presented should.., be useful in predicting

the behaviour of man-made signals propagating

in the "whistler mode" through the ionosphere

and the magnetosphere of the earth ....

(No Title)

H.R. Machin (editor), Central Radio Prop-

agation Lab., National Bureau of Standards,

Boulder, Colo., Quarterly progress rept. no.

7, Jan. - March 1963, March 1963, 116 p.,

NBS Rept. no. 7694, AD 419 303.

. . . study of ionospheric transmission of
LF/VLF radio pulses . . .

PHASE VELOCITY OF ELECTROMAGNETIC

WAVES IN THE RANGE 1--25 KCPS

G.A. Mikhaylova, et al., Foreign Tech. Div.,

Air Force Systems Command, Wright-

Patterson AFB, Ohio, 20 Sept• 1963, 7 p.,
AD 422 578•

• . . obtained through harmonic analysis
of radio disturbances recorded simulta-

neously in Moscow and Leningrad in the

daytime for distances r > 1,000 km ....
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PROPAGATION DELAY FROM WWV

D.W. Proctor, Sperry Gyroscope Co.,

Great Neck, N.Y., In its Minimum

Variance Orbit Determination Program,

8 Nov. 1963, p. 56/60, N64-18229.
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The raw data from the range-and-range rate

system are related to the time of the measure-

ment at the ground station. These times are

synchronized to WWV and include the time

delay from WWV to the ground site • . .

propagation-delay corrections from WWV to

the site must be included.. • Since only

three stations are involved, these corrections

can be precomputed and stored as program

constants for each station location. An

equation is derived for computing timing-

signal delay from WWV to a range-and-range-

rate tracking station...

RECENT V•L.F• WORK AT THE U.S. ARMY
ELECTRONICS RESEARCH AND

DEVELOPMENT LABORATORY

F•H. Reder, et al., In AGARD Propagation of

Radio Waves at Frequencies Below 300 kc/s,

1964, p• 335/338, refs•, Pergamon Press

and Mac Millan Co., N64-19698.

• . . propagation studies and long-distance

clock synchronization experiments that have
been conducted. • • since 1959. Atomic Cs

beam frequency standard, type NC 1001, was

used for driving transmitters and clocks, and

for providing local references for VLF and

LF receivers. Measured values of the depth

of the phase trapezoid patterns for various VLF

transmission paths are included•

PRECISE PHASE AND AMPLITUDE MEASURE-
MENTS ON VLF SIGNALS PROPAGATED

TIIROUGH THE ARCTIC ZONE

F.H. Reder, et al•, (VLF Symposium, Boulder,

Colo., Aug• 12-14, 1963.), Journal of

Research, Section D - Radio Science, vol.

68D, March 1964, p. 275/281, 6 refs•,

A64-15842•

• . . results for the period from February

to June 1963. Typical diurnal phase and

amplitude patterns of NPM and NPG trans-

missions received at Stockholm are given

for each month. The diurnal NPG amplitude

change at Stockholm reached a maximum of

38 db during March .... Arctic paths were

found to be worse by only a factor of about 2.

Preliminary analysis of geomagnetic disturbance

data and observed VLF phase anomalies
indicates reasonable correlation for the NPG-

Stockholm path ....

EXPERIMENTAL RESEARCH INVESTIGATION

OF EXTREMELY LOW FREQUENCY
PROPAGATION

R.D. Smith, et al., Space Electronics Corp.,

Glendale, Calif., 15 Feb. 1963, 45 p.,

AFCRL63 46, AD 404 564.

• . . measuring the characteristics of cw

sig_lals transmitted over a 400 link. Signal

strength, received and transmitted signal

phase, and atmospheric noise were recorded.

• . . received values of sigmal strength were
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2 db less during night-time and 4 db less during

daytime than the values predicted by

analytical studies . . .

SOME OBSERVATIONS ON VLF STANDARD

FREQUENCY TRANSMISSIONS AS

RECEIVED AT SYDNEY, N.S.W.

A.M. Thompson, et al., Proc. IEEE, vol. 5"1,

no. 11, Nov. 1963, p. 1487/1493.

The phase and amplitude of standard fre-

quency transmissions from G.R.R. (16 kc) and

N•B.A. (18 kc) are recorded continuously by

comparison with a local standard .... Over

a 24-hour interval frequency comparisons to

better than 1 in 1010 are possible . . . Some

variations due to ionospheric disturbances are

noted including the high altitude bomb test on

July 9, 1962 . . . Multimode transmission gives
rise to interference effects and in the case of

N.B.A. the 1-second modulation has been used

to differentiate between the long and short path
transmissions. Interference between these two

transmission paths can lead to an apparent gain

or loss of a cycle per day and would present

difficulties to an automatic clock synchronizing

system based on these transmissions.

EXTRA LONG WAVES PROPAGATION WITH

ROCKETS

E.J. Vassy, Paris U. (France), Final rept.,

30Dee. 1963, 49p., AD 434 771.

Measurements were made of the field of a

16.8 Kc transmitter at long distance (2200 Km)

versus the height• The field disappears at the

height of 110 km by day as well as by night.

There is no modulation when the loop rotates
with the rocket ....

HEIGHT-GAIN FOR V. Lo F. RADIO WAVES

J.R. Wait, et al., J. Res. Nat. Bur. Stand.,

vol. 67D, no. 2, March- April 1963,
p. 183/187.

The height dependence of the field strength

of v.l.f, radio waves is considered. Using a
previously developed theory, the height-gain

function of the first two modes is calculated

in terms of Airy functions of complex argument.

It is indicated, for frequencies of the order of

25 kc/s that the height-gain function reaches

a maximum value at a height of the order of

40 km when the reflecting layer is about

70 km ....

TWO-DIMENSIONAL TREATMENT OF MODE

THEORY OF THE PROPAGATION OF

VLF RADIO WAVES.

J.R. Wait, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14, 1963, Paper 68D1-

320. ), Journal of Research, Section D -

Radio Science, vol. 68D, Jan. 1964,

p. 81/93, 11 refs., A64-14694.
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Development of final formulas for

terrestrial VLF radio propagation from a

two-dimensional formulation . . • The theory

is extended to waveguides of nonuniform

widths, and then to wavegnides with localized

obstruction ....

ON PHASE CHANGES IN VERY-LOW-FRE-

QUENCY PROPAGATION INDUCTED BY

AN IONOSPHERIC DEPRESSION OF

FINITE EXTENT

J•R• Wait, J. Geophys• Res., vol. 69,

Feb. 1, 1964, p. 441/445, 7 refs.,

A64-14165.

• . . The height changes are not restricted

to points along the great circle path connecting

the transmitter and receiver• By choosing a

simple example, it is shown that ionospheric

perturbations lying within the first Fresnel

zone are most effective in modifying the

phase of the received signal.

REFLECTION OF VLF RADIO WAVES

FROM AN INHOMOGENEOUS IONOS-

PHERE. II - PERTURBED EXPO-

ENTIAL MODEL

J.R. Wait, et al., Journal of Research,

Section D - Radio Propagation, vol. 67D,

Sept. -Oct. 1963, p. 519/523, A63-25324.

• . . oblique reflection of radio waves from

a continuously stratified, ionized, isotropic
medium ....

INFLUENCE OF THE LOWER IONOSPHERE

ON PROPAGATION OF VLF WAVES TO

GREAT DISTANCES

J.R. Wait, Journal of Research, Section D-

Radio Propagation, vol. 67D, July -Aug.

1963, p. 375/381, A63-20995.

Theoretical calculation of the attenuation and

phase velocity of the dominant modes in the

frequency range from 8 to 30 kc .... Initially

the ionosphere is regarded as a sharply bounded

isotropic medium. The influence of the

terestrial magnetic field is not considered

• . . The results for the phase velocities and

attenuation modes are presented in graphical
form.

VLF PROPAGATION UNDER THE IONOS-

PHERE IN THE LOWEST MODE OF

HORIZONTAL POLARIZATION

H.A. Wheeler, (Symposium on the Ionospheric

Propagation of VLF Radio Waves, Boulder,

Colo., Aug. 12-14, 1963, Paper 68D1-323),

Journal of Reasearch, Section D - Radio

Science, vol. 68D, Jan. 1964, p. 105/113,

19 refs., A64-14696.

• . . Examination of the various modes shows

that the TE-01 mode has low attenuation and no

opportunity for fading. With horizontal

polarization attenuation due to imperfect ground

conductivity is lessened, particularly at higher
frequencies ....
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VLF ENVELOPE TIMING EXPERIMENT

ITT Federal Labs., Nutley, N.J., Quarterly

progress rept. no. 2, 8 Sept• - 7 Dee. 1963,

7Dec. 1963, 23p., AD 435 781.

• . . design of precision VLF envelope

timing equipment to be used to demonstrate

the feasibility of time synchronization at

separate geographical locations ....

STUDY OF NATURAL AND MAN-MADE

VLF PHENOMENA

Stanford Electronics Labs•, Stanford U., Calif.,

31 July 1963, 7 p., AD 428 348.

. . . (1) Whistler-mode propagation; (2)

magnetosphere electron density studies using

whistlers; and (3) wave-particle inter-

actions .... reports and publications listed

in an attached bibliography ....

LOW FREQUENCY PROPAGATION TEST

POWER BOX III

Boeing Co., Seattle, Wash. May 1963, 406 p.,

ASD TDR63 94, AD 411 241.

Previous tests of low-frequency radio wave

propagation established the feasibility of

radiating signals of 151 kc from a trailing-
wire antenna to distances of 1000 nautical

miles. The current program . . . to include
operational tests at 46 kc as well as measure-

ments of certain antenna parameters from 30

to 60 kc . . . Three promising MODEM

techniques were tested in a side-by-side

comparision. Error rates as a function of

signal-to-noise ratios are presented.

RESEARCH IN CONNECTION WITH PROP-

AGATION OF VERY LOW FREQUENCY

(VLF)

Battelle Institut , Frankfurt Main, (Germany),

Interim annual technical rept., 1 July 1962 -

30 June 1963, 31 July 1963, 52 p.,
AD 414 203.

The VLF receiving station in Frankfurt/

Main is continuously monitoring the trans-

missions of GBR (16 ke/s) with regard to

fast phase and amplitude and those of NBA

(18 kc/s) with regard to slow phase and

amplitude ....

Related Publications:

VLF PROPAGATION MEASUREMENTS FOR

THE RADUX-OMEGA NAVIGATION

SYSTEM

C.J. Casselman, et al., Proc. IRE, vol. 47,

May 1959, p. 829/839.

NEW VLF TO REACH ALL POLARIS SUBS

Electronics, vol. 33, July 1960, p. 34/35.

WORK ON VERY LOW FREQUENCY AND

PROPAGATION MEASUREMENTS USING
SHORT WAVES

J. Hillmann, et al., Battelle Institut,

Frankfurt Main, (Germany), Quarterly

technical status rept. no. 1, 1 July -

30 Sept. 1961, 31 Oct 1961, 6p.,

AD 416 256.
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Principal Publications:

THE NUMERICAL SOLUTION OF DIFFER-

ENTIAL EQUATIONS GOVERNING THE

REFLEXION OF LONG RADIO WAVES

FROM THE IONOSPHERE: PART 3

D.W• Barton, et al., Proc. Roy. Soc•

London, A., vol. 249, Jan. 1959, p. 387/401.

PROPAGATION OF A GROUND WAVE PULSE

AROUND A FINITELY CONDUCTING

SPHERICAL EARTH FROM A DAMPED

SINUSOIDAL SOURCE CURRENT

J.R• Johler, et al., IRE Trans. Antennas

Propagation, vol. AP-7, Jan. 1959,

p• 1/11.

SOME INVESTIGATIONS ON LONG-WAVE

PROPAGATION

S.N. Mitra, J. Inst. Telecommun. Engrs.,

India, vol. 5, June 1959, p. 121/135.

An analysis of observations made on a

frequency of 164 kc .... Aug. 9th. to Dec.

16th., 1958 shows that solar flares of all

classes of importance give rise to sudden

increases in amplitude of the received signal.

IONOSPHERIC PROPAGATION ON LONG AND

MEDIUM WAVES, RESULTS OF AN

INVESTIGATION ORGANIZED BY THE

EUROPEAN BROADCASTING UNION. III

W• Ebert, EBU Rev. A., no. 73, June 1962,

p. 109/121.

• . . Ionospheric propagation curves are

given for frequencies of 150, 200, 300, 500,

700, 1000 and 1500 kc/s, and represent the

annual median of the hourly field-strength

medians as a function of the propagation

distance under specified conditions ....

LOW FREQUENCY SWEEP GROUP HEIGHT

AND POLARIZATION RECORDS

J•D. Hardy, Ionosphere Research Lab•, Penn•

State U., University Park, 15 Feb• 1963,

220 p., incl. illus., 3 refs., Scientific

rept. no. 179, Rept. for 5 March - 22 Aug.

1962 on Ionospheric Research, AFCRL 63-

256, AD 401 184.

• . . covering the . . . range of 100-

1000 kc... Its purposes is determination of

the structure of the lower ionosphere. Included

in these data are the preliminary results of a

stepped frequency experiment. These appear

to be the only such records being obtained

in the world at this time.

FURTHER STUDIES OF THE DEVIATION

OF LOW-AND-MEDIUM-FREQUENC Y

GROUND WAVES AT A COAST-LINE

B.G. Pressey, et al., Proc. Instn. Elect.

Engrs., pt. B, vol. 106, Nov. 1959,

p. 548/554•

CHARACTERISTICS OF MEDIUM-WAVE

FADING (In Japanese)

E. Sawamura, J• Inst. Elect. Commun. Engrs.,

Japa.u, vol. 42, no. 10, Oct. 1959,

p. 934/937.

Related Publications:

THE ENGINEERING OF COMMUNICATION

SYSTEMS FOR LOW RADIO FRE-

QUENCIES

J•S. Belrose, et al., Proc. IRE, vol. 47,

May 1959, p. 661/680.

A POINT-TO-POINT DATA TRANSMISSION

SYSTEM USING MF RADIO

P.J. Ferrell, et al., Rec. Nat. Commun.

Symp., vol. 9, Oct. 1963, p. 325/330•

SOME MEDIUM FREQUENCY SKY WAVE

MEASUREMENTS

J.M. Dixon, Proc. Instn. Radio Engrs.,

Australia, vol. 21, June 1960, p. 407/409.

DIRECTIONAL AERIALS FOR MF

BROADCASTING

N.J. Medlin, Proc. Instn. Radio Engrs.,

Australia, vol. 24, no. 10, Oct. 1963,

p. 734/748.

RAPID PERIODIC FADING OF MEDIUM

WAVE SIGNALS (Correspondence)

H. Misra, Proc. IRE, vol. 48, June 1960,

p. 1167/1168.

• . . problems associated with the efficient
use of the 108 channels in the medium

frequency broadcasting band (525 kc/s-

1604 Kc/s) ....
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"H. F. PROPAGATION--ITS PRESENT AND

FUTURE USE FOR COMMUNICATION PUR-
POSES

A. F. Wilkins, J. Brit. Instn. Radio Engrs.,
vol. 20, no. 12, Dec. 1960, p. 939/951, 28 refs.

In the present congested conditions of the h.f.
band the planning of frequency allocation demands
improved accuracy of prediction of both maximum

and minimum frequencies usable on any radio
circuit. Such improvement involves greater
accuracy in the prediction of ionospheric critical
frequencies and m. u. f. factors .... Current

work on these problems, especially that at the
Radio Research Station, is reviewed. The effects

of ionospheric irregularities, such as storms, in
degrading the accuracy of prediction is noted, and
new results on irregularities in trans-equatorial
propagation are described. Recent work on the

study of lateral deviation of h. f. signals and on
the application of the backseatter technique to
the determination of optimum signalling frequencies
and to the study of the distribution of sporadie-E
ionization is summarized ....

LAUNCHING OVER THE SEA OF VERTICALLY
POLARISED WAVES FOR LONG DISTANCE
IONOSPHERIC PROPAGATION

E. O. Willoughby, Proe. Instn. Radio Engrs.,
Australia, vol. 21, no. 9, Sept. 1960,
p. 591/597.

Simple vertically polarized aerials of mast
heights of 150' or less, launching over the sea are
shown to be capable of gains exceeding 14 db over
a frequency band of the order of 5-15 Me/s with
good matching and efficient radiation between 1U
and 10 ° elevation. This is much superior to what

can be achieved with any land-based aerial vertically
polarized or horizontally polarized, of similar
height ....

IMPROVED COMMUNICATIONS USING GROUND-
SCATTER PROPAGATION

R. T. Wolfram, Electronics, vol. 33, no. 44,
Oct. 1960, p. 74/78.

When communication is difficult or impossible

over the great - circle paths between two stations,
it may be feasible over non-great-circle paths.
The instrumentation for research into propagation
phenomenon which creates these paths is described

and results of investigations given.

THE PREDICTION OF HF COMMUNICATION
SERVICES

L. W. Barclay, Marconi Rev., vol. 24, 1961,
p. 39/50.

• . . The techniques employed for calculating
the maximum usable frequencies and the signal-to-
noise ratios for a particular circuit are...outlined.

IONOSPHERIC ABSORPTION OF H. F. WAVES
IN HIGH LATITUDES

N. Wakai, et al., J. Radio Res. Lab., vol. 8,
no. 40, Nov. 1961, p. 413/423.

Measurements of the field intensitites of h.f.

waves were made at the Syowa base, Antarctica,
from February, 1959, to January, 1960. The
transmissions received were from stations at

distances from 4820 to 15060 kra, the fre-

quencies ranging from 2.5 to 20 Mc/s.
Analysis of the results is presented from the
view-point of seasonal variations on quiet

days ....

SIMPLIFIED CALCULATION OF UNABSORBED
FIELD INTENSITY ON OVERSEAS
TRANSMISSION CIRCUITS

(Correspondence)
H. J. Albrecht, Proc. IRE, vol. 50, no. 12,

Dee. 1962, p. 2495/2496•

Unabsorbed field intensity is defined as the
strength of a signal received at a distant point
in the absence of ionospheric absorption. It

depends . . . on path attenuation. Adding an
eventual ionospheric absorption attenuation,
the over-all signal attenuation is obtained ....

STUDY OF RADIO WAVE PROPAGATION IN

SWEEP FREQUENCY PULSE TRANSMIS-
SION TESTS IN JAPAN

Y. Aono, J. Radio Res. Lab., vol 9, March
1962, p. 127/200.

The tests described were carried out over a

long period on paths of length about 1000 km and

2000 km, the equipment used permitting
continuous tuning of the transmitter and receiver
in the frequency ranges 2-32 Mc/s and 7-37
Mc/s. The total duration of the sweeping time

was 3.5 minutes and the peak transmitted power
was 10 kW. Simultaneously with the sweep-
frequency pulse transmission tests, vertical-
incidence sounding of the ionosphere was carried

out at a place near the apex of the propagation
path in order to compare the results of the
transmission tests with theoretical results

based on the data obtained in the sounding of the
ionosphere. This comparison indicates that
the propagation characteristics of the radio
wave can be fairly well estimated from the
ionospheric conditions at the apex of the

transmission path. Analysis relating to the
m. u. f. of the F layer indicates that the
determination of the m. u. f. can be much

improved on the basis of the curved earth and
curved ionosphere ....
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THE EFFECTS OF FLUCTUATIONS ON

PROPAGATION THROUGH A PLASMA

MEDIUM

G.S. Kino, et al., Union of German Physical

Societies, International Conference, 5th

Proceeding, Munich, West Germany, Aug•
28 - Sept. i, 1961, IN: Ionization Phenom-

ena in Gases, vol• I, Amsterdam, The

Netherlands, North Holland Publishing Co.,

1962, p. 602/611, A63-17127•

. . . theory of phase modulation of an RF

signal by the LF fluctuation of a plasma ....

application of the results to the determination

of sidebands that arise on an RF signal

passed through a plasma medium to which

a sinusoidal modulation in density is applied

externally at a frequency that is low compared

with that of the RF signal•

THE EFFECT OF HIGH-ALTITUDE

NUCLEAR EXPLOSIONS ON RADIO

COMMUNICATION

H.P. Williams, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 4, Oct. 1962, p. 326/338.

• . . The conclusion reached is that VHF

links using meteorscatter or ionoscatter prop-

agation would have escaped the severe blackouts

experienced with LF, MF and HF transmissions•

The positive disruption of such VHF links re-

quires some 100 times more ionization than

was produced by these bombs. To a lesser
extent VLF transmissions would also have

escaped a blackout--in this case it is
estimated that some 10 times the ionization

is required for a blackout ....

• . . Comparisons are made of three array

types--broadside, end-fire and circular . . .

THE USE OF LOW FREQUENCY RADIO
AIDS IN SUPERSONIC AIRCRAFT

V.H. King, et al., J. Inst. Navig., vol. 17,

Jan• 1964, p. 57/65, 9 refs., A64-14777.

. . . A Ground-based system and low-

frequency radio aids for navigation are

recom mended.

VLF UTILIZATION AT NASA SATELLITE

TRACKING STATIONS

C.H. Looney, Jr., (Symposium on the

Ionospheric Propagation of VLF Radio

Waves, Boulder, Colo., Aug. 12-14,

1963, Paper 68D1-315.), Journal of
Research, Section D - Radio Science, vol.

68D, Jan. 1963, p. 43/45, A64-14689.

Description of tracking stations in the NASA

network, and discussion of the applicability of

VLF transmissions to time and frequency
requirements of the network. It is shown that

good signal reception is possible at low power,
and that accurate frequency measurements can

be made. It is necessary to keep the

transmitted frequency as invariant as
possible, and to ensure that the receiver

maintain the signal-to-noise ratio available

at the antenna . . . The utility of VLF prop-

agation for time transmissions is discussed,

and it is concluded that this is practicable.

ACCURACY OF THE OMEGA NAVIGATION

SYSTEM

M.L. Tibbals, et al., Navy Electronics Lab.,

San Diego, Calif., 2 Oct. 1963, 13 p.,

(NEL-1185AD 422 435), N64-11173.

ARRAY TECHNIQUES FOR SENSITIVITY

IMPROVEMENT OF INFRA-AUDIO

RECEIVING SYSTEMS

R.M. Ady, Electronic Defense Lab., Mountain

View, Calif., 1 Feb. 1963, 49 p.,

AD 418 408.

• . . with the present experimental system,
operating at 10. 2 kc, long-term root-mean-

square timing errors are about 4.5 and 11.5

percent of a carrier period, at day and night,
respectively. Root-mean-square fix errors are

expected to be about 0.5 and 1.2 miles, at day
and night . . .

1.643: Medium Frequency Propagation

Included: Ground wave pulse propagation; Long wave propagation; Medium wave fading;
Skip z one s.

Not Included: Radio broadcasting systems.

Cross References: Analysis of multipath and fading channels (1. 612}.
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i. 644: Short Wave Propagation

Included: HF propagations; High frequency propagation; Long distance HF communications; Long

distance pulse propagation; MUF = maximum usable frequencies; RTW = round the world sighals;

Lunar semi-diurnal tides in transequatroial HF propagation; HF point-to-point links.

Not Included: HF prediction services and techniques; Overseas communications services.

Cross References: Analysis of multipath and fading channels (1.612); Regular characteristics

of the ionosphere (1. 632); Irregular characteristics of the ionosphere (1. 633); Equatorial VHF

ionospheric propagation (1. 637); Antipodal transmission effects (1. 633); MRF = multipath reduction

factor (1.612); Scatter communications channels (Sect. 1.66).

Principal Publications:

BEOBACHTUNG DER MEHRWEGEAUSBREITUNG

AUF DER KURZWELLENUBERTRAGUNG-

SSTRECKE OSAKA - FRANKFURT A. MAIN

(Observations of Multipath Propagation on the

Shortwave Link OSAKA - Frankfurt A. Main) (In

German)
B. Beckmann, et al., Nachrichtentech. Z., vol. 11,

Oct. 1958, p. 519/523.

KORRELATIONSMESSUNGEN IM KURZWELLEN-

BEREICH (Correlation Evaluation in the Short

Wave Range) (In German)
V. J. Grosskopf, et al., Nachrichtentech. Z.,

vol. 11, Feb. 1958, p. 91/95.

PROPAGATION OF ELECTROMAGNETIC PULSES

AROUND THE EARTH

B. R. Levy, et al., IRE Trans. Antennas Propaga-

tion, vol. AP-6, Jan. 1958, p. 56/61.

ON THE "MINIMUM LOSS OPERATION TIME"

FOR SHORT-WAVE COMMUNICATION:
PART 2

H. Shibata, J. Radio Res. Labs. Japan, vol. 5,

Oct. 1958, p. 335/340•

This concept is not only a useful one for

prediction purposes, but it also allows the

integration of all possible modes of propagation.

The importance of the E s layer is stressed ....

A LONG DISTANCE PULSE PROPAGATION

EXPERIMENT ON 20.1 MEGACYCLES

R. Silberstein, J. Geophys. Res., vol. 63, Sept.

1958, p. 445/466.

POLARIZATION OF ATMOSPHERIC PULSES

DUE TO SUCCESSIVE REFLECTIONS FROM

THE IONOSPHERE

A. P. Tantry, et al., J. Geophys. Res., vol. 63,

Sept. 1958, p. 527/538.

SHORT WAVE PROPAGATION

S. Leinwoll, New York, John Rider Inc., 1959,

147 p.

• . . of particular interest to the radio

amateur and any person who has to commu-

nicate long distances with short waves ....

PULSE-PHASE-CHANGE SIGNALING IN THE

PRESENCE OF IONOSPHERIC MULTI-

PATH DISTORTION

S. F. Lutz, et al., IRE Trans. Commun. Syst.,
vol. CS-7, no. 2, June 1959, p. 102/110.

RESEARCH ON PULSE TRANSMISSION AT

OBLIQUE IONOSPHERIC INCIDENCE

K. M. Rawer, Ionospharen-Institut,

Breisach (Germany), July 1959, 6p.,

Annual summary report for 1958/1959,

AFCRC TN59-770, AD 228 772.

RESULTS FOR THE APPROXIMATE

CALCULATION OF RADIO WAVE FIELD

STRENGTH AT THE LIMITS OF THE

TRANSMISSION FREQUENCY RANGE

B. Beckman, Nachrichtentech. Z. (NTZ),

vol. 13, no. 10, Oct. 1960, p. 470/472.

• . . semi-empirical formulae for the

approximate calculations of field strength at
the limits of the m. u. f. and 1. u. f.

transmission frequency ranges, calculated

results being compared with observed values
of the 15 Mc/s transmissions from station

WWV received at Darmstadt ....

THE PROPAGATION OF HIGH-FREQUENCY

RADIO WAVES TO LONG DISTANCES

F. Kilt, Proc. Instn. Elec. Engrs. Part B,

vol. 107, no. 32, March 1960, p. 127/140.

STATISTICAL STUDY TO ASCERTAIN rilE

VALIDITY OF FHE AMR RADIO CIRCUIT

PERFORMANCE SUMMARIES FOR HF RADIO

OUTAGE

J.L. Bagg, Aerospace Corp., Patrick AFB,

Fla., 29 Feb. 1964, 32p.,AD430 925,

N64-16877.

Upon examining the RCA Radio Circuit
Performance Summaries for the first 8 months

of 1963; it was concluded that these summaries

make it appear that outage due to frequency

fade or propagation difficulties was not randomly

distributed for an extended time period. It is

contended that outage is more likely to be re-

corded during a period near launch time when

circuit monitoring and traffic are heavy...

consequently, studies based upon the RCA
Radio Circuit Performance Summaries un-

doubtedly are biased.
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THETRANSMISSIONOFDIGITALDATAOVER
500KMH•F•RADIOLINKS

R•W.Brown,(BritishInstituteofRadio
Engineers,Meeting,London,England,
Nov.14,1962,RadioElectronicEng.,
vol. 26,July1963,p. 35/43,A63-20959.

• . . anexperimentconductedtodemonstrate
thefeasibilityofusingHFradiofor thetrans-
missionoflow-gradedigitaldata. . . determina-
tionoftheerrorratesforthetransmissionasa
functionoftransmitterpowerandfrequency,
transmissionrate,timeofday,andlocationofthe
receivingsite.... biterrorratesoftheorder
of1in104.. . shouldlowerratesberequired,
eithertheperformanceoftheHFradiolinkmust
beimproved,byaddingerror-correctingre-
dundancy,or aninherentlymorereliablesystem
mustbeused.

SOLARACTIVITYANDTHEIONOSPHEREFOR
RADIOCOMMUNICATIONSSPECIALISTS
(Translation)

N•Ya.Bugoslavskaya,Oxford,England,Per-
gamonPressLimited,1962,39p.

• . . largelyageneralizationofexperimental
workcarriedoutunderthedirectionofthe
MinistryofCommunicationsoftheU.S.S.R•
duringresearchintotheearth'smagnetism,the
ionosphereandpropagationofradiowaves. . .
compositionofsolarradiation.., connection
betweengeomagnetic-ionosphericstormswhich
affecttheregularoperationofradiocommunica-
tions. . . radiationfromactiveregionsofthe
sun • . .

THE OPTIMUM BIT LENGTH FOR HF DATA

TRANSMISSION

H. Fiege-Kollmann, Rec. Nat. Commun. Syrup.,

vol. 8, no. 10, Oct. 1962, p. 108/115, 13 refs.

HIGH FREQUENCY RADIO DATA TRANS-
MISSION THROUGH MULTIPATH DISTURB-

ANCE

J•C• Hansen, Mitre Corp., Bedford, Mass.,

13 Sept. 1962, 18 p., incl. illus., 14 refs.,

(Technical memo. no. TM-3359), (ESD TDR

62-327), AD 290 538.

• . . A degradation of performance can occur

during periods of high signal strength due to

multipath disturbance. This phenomenon, along

with a number of proposed methods of solution,
are described.

IONISATIONSSCHWANKUNGEN IN DER IONOS-

PtIARE MITTLERER BHEITEN UND VARIA-

TION DER BRAUCHBAREN FREQUENZEN

IM KURZWE LLENWEITVERKEHR ALS

WIRKUNG LUNARER GEZEITEN (Variations

of the Ionosphere at Medium Latitudes and the
Influences of Lunar Tides on Short Wave

Propagation) {In German)
G. Lange-Itesse, et al., Arch. Elckt. Ueber-

tra_,nmg, vol. 16, April 1962, p. 205/212,

36 refs.
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• . . observational data . . . are analyzed in

order to find.., the lunar tidal influence on the

ionosphere . . . The practical significance of

these results for short-wave long-range com-
munications is discussed ....

HIGH FREQUENCY DIGITAL COMMUNICATION

SYS TE M

National Cash Register Co., Dayton, Ohio,

Quarterly progress engineering rept. no. 5,

1 June-31 Aug. 1962, 15 Oct. 1962, 101 p.,

incl. illus., (NCR rept. no. 3-5Q), AD 287
485.

• . . system that provided highly reliable

operation in the presence of multipath propaga-

tion and doppler shift .... operation of the

circuits used in the control and coding equip-
ment ....

RECHERCHE EXPERIMENTALE SUR LE GUID-

AGE GEOMAGNETIQUE DES ONDES DECAME-

TRIQUES (Experimental Investigation of

Guided RF Propagation Along Geomagnetic

Field Lines) (In French)

F. Du Castel, Ann. Telecomm., vol. 18, no. 9-

10, Sept., Oct. 1963, p. 177/189, 23 refs.

THE EFFECT OF MAGNETIC STORMS ON

AROUND-THE-WORLD HIGH-FREQUENCY

PROPAGATION

R.B. Fenwick, et al., J. Geophys. Res., vol. 68,

Aug. 15, 1963, p. 4683/4688, A63-21404.

Experimental study of around-the-world (RTW)

HF propagation at Stanford, California, in order

to obtain data on the correlation of RTW signal

maximum usable frequency (MUF), lowest useful

frequency (LUF), and the presence (or

absence) with the magnetic index (Kp) . . .
Detailed study of the effect of magnetic

storms on RTW propagation suggests a
destruction of normal mode structure rather

than an increase of absorption and a decrease

of ionospheric critical frequencies.

A TEST OF THE IMPORTANCE OF IONOS-

PHERE-IONOSPHERE REFLECTIONS IN

LONG DISTANCE AND AROUND-THE-

WORLD HIGH-FREQUENCY PROPAGATION

R.B. Fenwick, et al., J. Geophys. Res., vol. 68,

Oct. 15, 1963, p. 5659/5666, A63-24918.

RADIO TRANSMISSION OF DIPHASE SIGNALS

J.J. Kolarcik, et al., Rec. Nat. Commun.

Symp., vol. 9, Oct. 1963, p. 289/296.

The feasibility and reliability of the trans-

mission of modified diphase signals at RF,

using available receiving and transmitting

equipment, was determined by means of a

series of brief experiments .... Amplitude

Modulation with modified diphase signals was
studied ....

COMPUTING MAXIMUM USABLE FREQUENCIES

OF RADIO COMMUNICATION LINKS

V.N. Navysh-Bylinskaya, Joint Publications
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Research Service, Washington, D.C., 30

April 1963, 25 p•, refs., Transl. into

English from Tr. Inst. Zemnogo Magne-

tizma, Ionosferii i Rasprostraneniya

Radiovoln Akad. Nauk SSSR (Moscow),

no• 19(29), 1961, p• 71/84, N64-10812
and AD 408 899.

• . . to compare the accuracy of two different

methods of computation of the maximum usable

frequency for shortwave radio communication
links . . . These are the method of "reference

points" and the method of "Equal jumps. " . . .

comparing the calculated values of maximum

usable frequency with the actual values observed
on several radio communication links • • .

CIRCUIT RELIABILITY, FREQUENCY

UTILIZATION, AND FORECASTING IN THE

HIGH FREQUENCY COMMUNICATION BAND

J.H. Nelson, RCA Communications, Inc., New

York, N.Y., In Agard, Paris, The Effect of

Disturbances of Solar Origin on Commun.,

1963, p. 293/301, N64-15450.

LUNAR SEMI-DIURNAL TIDES IN HF AND

THEIR INFLUENCE ON TRANSEQUATORIAL

RADIO PROPAGATION

J•A. Thomas, Journal of Research, Section D-

Radio Science, vol. 68D, April 1964, p. 419/

427, 18 refs., A64-17496.

. . . A propagation analysis shows that ap-

preciable mode pattern changes resulting from

changes in the phase of the Moon are not to be

expected for 16 Mc transequatorial propagation
from Brisbane.

BACKSCATTER- UND IMPULSFERNUBERTRA-

GUNGSVERSUCHE AUF DER FUNKSTRECKE

LINDAU/HARZ-TSUMEB/SUDWESTA FRIKA

(Baekseatter and Pulse Transmissions on a
Link from LINDAU (Germany) to Tsumeb

(Southwest Africa) (In German)

H. Werle, Arch. Elekt. Uebertrangung,

vol. 17, March 1963, p. 121/130, 19 refs.

Pulse transmissions at oblique incidence at

seven fixed frequencies were carried out between

IAndau/Harz and Tsumeb/Southwest Africa•

Simultaneously backscatter echoes were recorded

at the transmitting end. The transit time of the

different paths was determined by retransmission

from Tsumeb. The identification of the different

paths or propagation was facilitated by these
additional measurements .... Fur die Versuche

wurden die Sendefrequenzen 10,425; 13,86; 18,21;

24,25; 27,12; 34,00 und 40,00 MHz benutzt. In

IAndau stand ein quarzgesteuerter 100-kW-Sender

zur Verfugung• Er wurde mit einer Tastfolge-

frequenz von 1 Hz getastet bei eIner Impulsdauer

yon 250 _s ....

ANALYSIS OF NBS PREDICTIONS OF PER-

FORMANCE AMR HF RADIO CIRCUITS

ITT Communication Systems Inc., Paramus,

N.J., 22 April 1963, 1v., Rept• no. ICS63

TR156, ESD TDR 63 628, AD 420 272.
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An analysis is presented of extensive electronic

computer calculations of expected reliabilities

and signal-to-noise ratios. The circuits extend

from Cape Canaveral into the Indian Ocean and
from various land locations to instrumentation

ships in the Atlantic and Indian Oceans ....

purpose . . . to determine the grades of service

that the circuits can be expected to give . • .

optional routings . . . to establish the amount of

improvement that it would be desirable and

practical to obtain to get an acceptable grade of

service. The analysis of error rates has been

based solely on signal-to-noise ratios.

Related Publications:

DISTRIBUTION OF THE DURATION OF FADES IN

FADES IN RADIO TRANSMISSION: Gaussian

Noise Model

S. O. Rice, Bell Syst. Tech. J., vol. 37, no. 3,

May 1958, p. 581/635.

THE DAILY COURSE OF THE BACK-SCATTER

FIELD. STRENGTH OF TELEGRAPHY

SIGNALS.

B. Beckmarm, et al., Nachrichtenteeh. Z.,

vol. 12, no• 8, Aug. 1959, p. 419/420•

CONSIDERATIONS IN SSB AND ISB SYSTEMS FOR

LONG-DISTANCE RADIOTELEGRAPH

COMMUNICATIONS

W• Lyons, Commun• and Electronics, no• 46,
Jan. 1960, p. 921/924.

STATISTICAL ANALYSIS OF MULTIPATH

JITTER

J.J. Brandinger, et al., RCA Rev., vol. 22,

no. 3, Sept• 1961, p. 487/507.

• . . the relation of multipath jitter to the

performance of communications system is

briefly discussed.

ON THE DESIGN OF A HIGHLY RELIABLE HF

DIGITAL COMMUNICATION SYSTEM.

PROBLEMS, DESIGN PROCEDURES AND THE
DESCRIPTION OF A PROPOSED DESIGN

K. Otten, National Cash Register Co., Dayton,

Ohio, Oct. 1961, 38 p., AD-269 891.

• . . it was concluded that statistical infor-

mation on the correlation between disturbances

must be known.., it was also concluded that

it is entirely feasible to design and build a 3 kc

bandwidth system which will offer substantial

performances advantages over an FSK (fre-

quency shift keying) system.

TROPOSPHERIC SCATTER AS AN ALTERNATIVE

TO CERTAIN HF RADIO SYSTEMS

T.H. Moriarity, Page Communications Engineers,

Inc., Washington, D. C., 1961, 16 p., AD419

282.

The present report is a part of the background

material being prepared by PEAC (Panel of Ex-

perts Advisory Committee) for the United States

member of the International Panel of Experts
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which will meet in Geneva during September of

1961 .... to prepare recommendations to the

International Telecommunications Union on means

of reducing congestion in the b_f radio band ....

relates to the use of tropospheric scatter in place

of certain hf radio systems .... which have a

path length of 500 miles or less.

LINK EVALUATION AND TAPE MERGING

COMPUTER PROGRAMS

B.M. Sifford, Stanford Research Inst., Menlo

Park, Calif. Final rept., Dec. 1962, 60 p•,

Rept. no. TR 7, AD 434 833.

• . . computer program designed to predict
the performance of communication networks

using HF, ionospheric scatter, and tropospheric

scatter propagation modes ....

TAKING INTO ACCOUNT THE INFLUENCE OF

THE COHERENTLY REFLECTED PORTION

OF A SIGNAL UPON ITS CORRELATION

CHARACTERISTICS

V.A. Chena, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 4 Sept. 1962, 11 p., incl.

illus.,8refs., (Trans. no. FTD-TT-62-1029

from Izvestiya Vysshikh Uchebykh Zavedeniy,

Fizika 4: p. 17/22, 1961), AD 286 571.

ORIENTATION OF LINEARLY POLARIZED HF

ANTENNAS FOR SHORT-PATH COMMUNICA-

TION VIA THE IONOSPHERE NEAR THE

GEOMAGNETIC EQUATOR

G.H. Hagn, Stanford Research Inst., Menlo

Park, Calif., Aug. 1963, 26 p., Research

Memo, no. 5, AD 418 497.

A COMPUTER METHOD OF HF IONOSPHERIC

PROPAGATION PREDICTION AND ANALYSIS

F.T. Koidc, IEEE Trans. Antennas Propagation,

vol. AP-11, Sept. 1963, p. 540/558, A63-
25312.

• . . a method of HF ionospheric forecasting

and analysis suitable for digital computers ....

HIGH-FREQUENCY PROPAGATION PREDICTIONS

USING AN IBM 650 COMPUTER

L.E. Petrie, Defense Research Telecommunica-

tions Establishment (Canada), April 1963,

21 p., DRTE 1117, AD 420 217.

° . . predictions of usable frequencies must be

calculated for a large number of radio propaga-

tion paths and must be altered frequently for re-

liability .... a digital computer program to
calculate the maximum usable frequency and the

minimum frequency due to E layer cut-off of the

F layer has been set up and is described herein.

COMPARISON OF TECHNICAL SPECIFICATIONS

FOR THREE TWIN/TRIPLE CHANNEL HF

RECEIVERS

W.M. Sherill, et al., Southwest Research Inst.,

San Antonio, Tex., Task summary rept. no,

18, 1 Dec. 63-29 Feb. 1964, 29 Feb. 1964,

98 p., AD 434 335.

A PHASE-LOCKED RECEIVING ARRAY FOR

HIGH-FREQUENCY COMMUNICATIONS USE

D.E. Svoboda, IEEE Transactions on Antennas

and Propagation, vol. AP-12, March 1964,

p. 207/215, 6 refs., A64-16611.

• . . The array corrects essentially all phase
errors between the distant transmitter and the

point wherc the received signals arc combined.

The phase errors include those due to the propa-

gation path, array element motion, near-field

obstructions, and the instabilities in electronic

equipment and RF cables. The array also cor-

rects phase shifts due to changes in angle of ar-

rival, thus giving it the ability to automatically

track a desired signal ....

i. 645: VHF-UHF Propagation

Included: Trade wind inversion of oceanic ducts; Ultra short wave propagation; Off path propagation

at VHF; Refraction of VHF signals at ionospheric heights.

Cross References: Characteristics of propagation on the Earth's surface (i. 635); Mobile com-

munications channels (1.673); Terrain effects on VHF/UHF propagation (1. 635).

Principal Publications:

SOME REMARKS ON THE ANALYSIS OF FAD-

ING IN M AND DM-HANGE (In German)

J. Grosskopf, Nachrichtentech. Z., vol. 11,

Nov. 1958, p. 577/586.

SHORT BURSTS OF AMPLITUDE OF A

50 MC/S WAVE RECEIVED OVER A

DISTANCE OF 480 KM

G.S. Kent, Symp. Long Dist. l>rop. Above

30 mc, Jan. 1958, Paper No. 2530.

ATMOSPItERIC EFFECTS ON VHF AND UltF

PROPAGATION
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G. It. Millman, Proc. IRE, vol. 46, Aug. 1958,

p. 1492/1501.

RESULTS OF EXPERIMENT OF LONG-DISTANCE

OVERLAND PROPAGATION OF ULTRA SHORT

WAVES

N. Onoe, et al., J. Radio Res. Labs., vol. 5,

April 1958, p. 79/94•

OFF-PATH PROPAGATION AT VHF

V.C. Pineo, Proc. IRE, vol. 46, May 1958,

p. 922.
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ATMOSPHERICA LLY-PERTURBED MODES
AND X-BAND PROPAGATION OVER OPTICAL

PATIIS

T• J• Carroll, Paper from IRE-URSI Joint
Meeting - Oct. 19 - 21, 1959, San Diego, Calif.

SIMULTANEOUS ANGULAR DIVERSITY-
FREQUENCY SWEEP MEASUREMENTS
AT 2290 MC OVER A 188-MILE PATH
BETWEEN ROUND HILL AND CRAWFORDS

HILL, N.J.
J. H• Chisholm, et al•, Paper from IRE-URSI

Joint Meeting - Oct. 19-21, 1959, San Diego,
Calif.

INVESTIGATIONS OF PROPAGATION OVER
RADIO-LINK PATHS WITHIN AND BEYOND

OPTICAL RANGE AT 1.1 to 1•3 GC/S (In

German)
U. Kuhn, Tech° Mitt BRF, vol• 3, Oct. 1959,

p. 32/41.

EXTRAORDINARY PROPAGATION CONDITIONS

FOR ULTRASHORT WAVES (In German)
J. Ortner, et al•, Arch• Elekt. Ubertragung,

vol. 13, no. 10, Oct. 1959, pc 420/428•

FORECASTING MAXIMUM TRANSMISSION
RANGE AT VHF

L.B. Gardner, IRE Winter Conv. Military
Electronics, Feb. 1960.

OBSERVED CHARACTERISTICS OF AN ULTRA-
HIGH-FREQUENCY SIGNAL TRAVERSING AN
AURORAL DISTURBANCE

J.C. James, et al., Nature, vol• 185, no• 4712,
Feb. 1960, p. 510/512.

THE TRADE-WIND INVERSION AS A TRANS-
OCEANIC DUCT

M. Katzin, et al., J. Res. Nat. Bur. Stand.,

vol. 64D, no. 3, May-June 1960, p. 247/253•

REFRACTION OF VHF SIGNALS AT IONOS-

PHERIC HEIGHTS

S. Weisbrod, et al., IRE Trans. Antennas Pro-
pagation, vol. AP-8, no. 1, Jan. 1960,
i. 107/109.

PROBABILITIES OF INTERFERENCE WITH
MOBILE FIELD RADIO DERIVED FROM A

FIELD-STRENGTH SURVEY AT 59 MC/S

D.R. Thomas, Proc. Instn• Eleetr. EngTs. Part
B, vol. 108, no. 39, May 1961, p. 264/272,
25 refs.

• . . experimental investigation of common-
and immediately-adjacent-channel interference
areas for mobile radio networks, based on a
field-strength survey at 59 Mc/s over flat and

hilly country in north-west Germany ....
Particular attention has been paid to investigating
the distribution of field strength at each distance,
which is shown to approximate closely to log-
normal. It is also established that the variance

of these log-normal distributions may be consid-

ered to have a single value for each type of
country, irrespective of range. Protection

ratios acceptable for satisfactory operation are
determined from experimental observation of

common- and adjacent-channel interference.

GROUNDWAVE PROPAGATION EFFECTS ON
MICROSECOND PULSES AT 141 MCS

R.W. Heffner, IEEE Interrmt. Cony. Rec.,
Pt. 8, vol. 11, March 1963, p. 182/196.

• . . A test program was performed to investi-
gate the propagation effects around 141 mcs using
microsecond pulses of different carrier frequen-
cies. These investigations used omnidirectional
antennas at the transmitter and receiver

locations• Antenna height at both locations was
twelve feet• The results to be discussed are:

a) propagation attentuation contour; b) pulse

stretching; c) selective fading and enhance-
meat of pulses within the time-frequency matrix
frame; d) backseatter pulse stretching, and;
e) polarization dependence .... only limited
information was applicable to the special wide
band multiple pulse system requirements of
RACEP ....

Related Publications:

EXPERIENCE WITH LONG-DISTANCE
TELEVISION FIELDS USED FOR RE-
TRANSMISSION

W.L. Braun, Commun. Electronics, no. 45,
Nov. 1959, p. 594/595•

• • . long-distance (100-150 miles) very-
high frequency propagation.., of wideband
performances .... ultimate use as signs/
sources for a community antenna system.

RADIO TRANSMISSION LOSS DETERMINATION

BY RADAR TECHNIQUES
S.R. Bradshaw, et al., Motorola, Inc., River-

side, Calif., Feb. 1959, Quarterly Rept.
no. 5, Nov. 1958-Jan. 1959, (Rept• no•
RLQ-3835-5), AD 213 454.

RADIO TRANSMISSION LOSS DETERMINATION

BY RADAR TECHNIQUES
S.R. Bradshaw, et al., Motorola, Inc., River-

side, Calif., Aug. 1959, 208 p., Quarterly

rept. no. 7, May-Jnly 1959, (Rept. no. RLQ-
3835-7), AD 225 396.

Experimental results for test areas K and L
axe described. Predictions of path losses, using
several different methods, are compared with

measured values . . . Baekseatter histograms
at both L- and X-band are shown...
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1. 646: Microwave Propagation

Included: Echo signals on microwave paths; Fluctuations of microwave signals.

Cross References: Knife edge diffraction propagation (1. 635); Terrain influence on microwave pro-

pagation (1. 635); Channel characteristics of radio relay links (1. 662); Passive repeaters in micro-

wave radio relay links (1. 662).

Principal Publications:

ANALYSIS OF MILLIMICROSECOND RF

PULSE TRANSMISSION

M. P. Forrer, Proc. IRE, vol. 46, Nov. 1958,

p. 1830/1835.

. . . through uniform systems. Quadratic

approximations for the complex propagation con-

stant are used, and a Gaussian pulse envelope

is assumed. Employing Fourier transformation,
the received waveforms are obtained for the

general case of lossy, dispersive systems. The

results are discussed and illustrated separately

in terms of pulse distortions due to dispersion,
due to losses and due to bandwidth limitations.

MICROWAVE LINE-OF-SIGHT PROPAGATION

M. W° Gouch, Elect. Engr., vol. 30, May 1958,

p. 237/247.

AN INVESTIGATION OF THE ATMOSPHERIC
PHYSICAL CONDITIONS ASSOCIATED WITH

MICROWAVE PROPAGATION

L. P. Riggs, Texas A. and M. Coll., College

Station, March 1958, 65 p., AD 159 404.

RADIO ATTENUATION AT 11 KMC AND SOME

IMPLICATIONS AFFECTING RELAY SYS-

TEM ENGINEERING

S. D. Hathaway, et al., Bell Syst. Tech. J.,

vol. 38, Jan. 1959, p. 73/98.

PROLONGED SIGNAL FADE-OUT ON A

SHORT MICROWAVE PATH

D. R. Hay, et al., Canad. J. Phys., vol. 37,

March 1959, p. 313/321.

ON THE MEASUREMENT OF ATTENUATION

BY RAIN AT 8.6 MM WAVE LENGTH

S. Okamura, et al., J. Radio Res. Labs.,

vol. 6, April 1959, p. 255/267.

EMPFANGSAMPLITUDE UND FADINGVERTIE-

LUNG BEI 10-CM-WELLENLANGE IN

ABHANGIGKEIT VON DER AZIMUTALEN

ABWEICHUNG VOM GROSSKREIS

(Received Signal Strength and Fading
Characteristics at 3000 MC at Various De-

viations From A Great Circle Path)

(In German)
R. Schunemannn, et al., Hoehfrequenztech. u.

ElektAkust, vol. 68, July 1959, p. 37/42.

ATMOSPtIERIC TURBULENCE AS A FACTOR

IN MICROWAVE STANDARD FREQUENCY

BROADCAST SYSTEMS

M. C. Thompson, Jr., et al., Paper from

IRE-URSI Joint Meeting - Oct. 19-21, 1959,

San Diego, Calif.

NOTE ON MICROWAVE PROPAGATION JUST

BEYOND HORIZON IN TtIE TORRID ZONE

S. Uda, Rep. Res. Inst. Elect. Commun.,

vol. 11, no. 1, 1959, p. 11/21.

Microwave propagation tests in the 2Gc/s

region were carried out between Landour and

New Delhi, India, a distance of 224 kin. The

experiments showed a marked difference

between night and daytime propagation ....

MICROWAVES AND THEIR USE IN POWER

SYSTEMS

S. C. Bartlett, Commun. and Electronics,

no. 46, Jan. 1960, p. 1095/1106.

PROPAGATION AT 36,000 MC IN THE LOS

ANGELES BASIN

W. L. Flock, IRE Trans. Antennas Propagation,

vol. AP-8, no. 3, May 1960, p. 235/241.

APPLYING MICROWAVES TO SPACE PROB,

LEMS

H. M. Hart, Electronic Industr., vol. 19, no.

4, April 1960, p. 78/82.

THE STATISTICAL DISTRIBUTION OF THE

DEPTH OF FADINGS ON SECTIONS IN

RADIO RELAY SYSTEMS

A. I. Kalinin, Radio Engng: Transl. of

Radiotekhnika, vol. 15, no. 6, 1960, p. 1/11.

Expressions are given for integral curves to

plot the distribution of the depth of fadings on
intervals of radio-relay lines under the normal

law governing the distribution of the active ver-

tical gradient of the air's dielectric permittivity,

together with limiting expressions for the distri-

bution curves. Examples of the integral curves

for the distribution of the depth of ladings are

given ....

ANALYSIS AND DETECTION OF ECHO SIGNALS

ON MICROWAVE RADIO PATHS

G. E. Rosman, Proc. Instn. Radio Engrs.

Australia, vol. 21, no. 11, Nov. 1960, p.

810/820.

An assessment is made of the echo parame-

ters permissible for a specified maximum distor-

tion in a 600 channel frequency-modulated radio

bearer circuit. On the assumption that the echoes

result from single reflections the effect of aerial

directivity on a system operating at 4,000 Mc/s

is assessed for specific aerials used on a 40 mile

path. A survey of common testing methods . . .

outline of the method of height-gain measurement

for echo investigation . . .

SOME FACTORS INFLUENCING 3 CM RADIO-

WAVE PROPAGATION OVERSEA WITIIIN

AND BEYOND THE RADIO IIORIZON

F. A. Kitchen, et al., Proc. Instn. Elect.

Engrs. (GB), (Paper 3501 E), vol. 108 B,

May 1961, p. 257/263.
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• . . short-termoverseameasurementsof
thevariationofreceivedsignallevelwithrange
froma10Gc/stransmitterarepresented.It
is shownthatthevariationofsignallevelwithin
thehorizonwasrarelythatexpectedforpropa-
gationthroughanatmospherehavingauniform
refractive-indexgradient.Signallossesof
from5to30dBfrequentlyoccuredwellwithin
thehorizon_. . . A well-definedinterference
patternusuallyoccurredin theregionofreduced
signallevel.... A directrelationshipwas
foundtoexistbetweenthesignallevelwithinthe
horizonandthatpropagatedwellbeyondthe
horizonintotheextra-diffractionregion.
EXPERIMENTALSTUDIESOFPROPAGATIONAL

CHARACTERSOF8"6MMWAVEONTHE
24KMPATH.

K. Funakawa,etal., J. RadioRes.Lab.,vol.
9, Sept.1962,p. 351/367.
Theexperimentsdescribedwerecarriedout

nearlyalltheyearround,usingapulsemagne-
trontransmitterwithapeakpowerof30kw.
• . . measurementsdeterminetherelation
betweensignalattenuationandrain/allrate. The
resultsobtainedareshowngraphically.Some
measurementswerealsomadeoffield-intensity
reductionduetowatervapor.Whentherewas
norainfalloverthewhole24kmpath,thereceived
signallevelwasnormallysteady,butsometimes
severefadingwasobserved.Thefadingrange
waslargerinsummerthaninwinter,its max-
imumvaluebeing17"4dB. It wasusuallylarge
in theearlymorningandatmidnight,andsmall
inthedaytime.Inthewinterexperiments,cor-
relationbetweenthefadingrangeandtheoccur-
renceoftemperatureinversionwasmarkedly
observable.
SOMESTATISTICALCONSIDERATIONSON

TRANSHORIZONPROPAGATIONSOF
MICROWAVES- WITHAPPLICATIONTO
RADIOMETEROROLOGY.I

K.Naito,PapersinMeteorologyandGeophysics,
vol.13,Dec.1962,p. 207/215,A63-24662.
. . . effectoffinitelengthofsamplingtime

ontranshorizonpropagation.Thetrans-
horizon-propagatedmicrowavesarefoundto
exhibit,forashortsamplingtime,apparent
coherence,whichexplainstheresultsof
Waterman'srapidbeam-swingingexperiments
• . . It is shownthat,inmostcases,notonly
scatteringduetoeddies,butreflectionsdueto
wavylayersareimportantinoverseatrans-
horizonpropagationof3,000and300Mc.
STATISTICALFLUCTUATIONOFAMPLITUDE

ANDPHASEOFRADIOSIGNALSPASSING
THROUGHTHERAIN

T. Oguchi,J. RadioRes.Lab.,vol.9, no.9,
Jan.1962,p. 51/72.
A comprehensivetheoreticaltreatmentofthe

transmissionofwidebandsignalsintheshorter
microwaveor ram-waverangethroughrain.
Neglectingtheeffectofmultiplescattering
amongtheraindrops,thefluctuationsofthe
amplitudeandphaseofthereceivedsignalsare

obtainedwithfirst-orderapproximation•
Numericalcalculationsfromthetheoretical
formulaeforthecaseof8.6mmwavelength
signalsindicatetheoccurenceofonlyvery
smallfluctuationsundernormalconditions.As
theassumptionis thatrainfallsuniformly,the
propagationpathcanneverbeconsideredvalid
forlongpaths,thefluctuationoftheradiowaves
duetofluctuationoftheprecipitationrateitself
throughoutthepathmustalsobeconsidered•
COMPARISONOFSIMULTANEOUSPROPAGA-

TION MEASUREMENTS AT 3480 MC/S AND

9640 MC/S OVER A 173 MILE PATH AD-

DENDUM

B. L. Angell, et al., General Electric Co.,

Ltd., Wembley (England), 25 June 1963, 5p.,

Rept. no. 13 639C, AD 421 937.

ATMOSPHERIC DISPERSION AND ABSORPTION

OF MICROWAVES

O. Fagioli, et al., Florence Univ. (Italy), April

1963, 25 p•, AFCRL 63 500, AD-424 730.

PHASE AND AMPLITUDE DIVERSITY IN OVER-

WATER TRANSMISSIONS AT TWO MICRO-

WAVE FREQUENCIES

H. B. James, et al., National Bureau of Standards,

Boulder, Colo., 26 Feb. 1963, 66 p., (Repts.

no. NBS-7656, 8390-12-83491), AD 298 908.

Related Publications:

COMMERCIAL AIRBORNE WEATHER RADAR

A. W. Vose, et al., RCA Rev., vol. 19, no. 2,

June 1958, p. 187/207.

. . . factors relating to the detection and

penetration of atmospheric precipitation at

microwave lengths. Technical design features

of both 5.6-centimeter weather penetration and
3.2-centimeter weather avoidance radars used in

present-day commercial aircraft are discussed.

SHF ANGULAR DIVERSITY STUDY PROGRAM

Philco Corp., Philadelphia, Pa., Nov. 1959,

iv., Final rept., (RADC TR 60-30),

AD 234 425.

Angular diversity measurements at 7630

Mcps over a 247 effective-mile tropospheric

path show that diversity improvements com-

parable to theoretical ones are available; that

elevation squint is superior to azimuth squint

for the system tested; and that essentially un-

correlated signals are received by a parab
oloidal antenna with twin feedhorns whose beam

separation is one beamwidth ....

MICROWAVE SYSTEMS ENGINEERING USING

LARGE PASSIVE REFLECTORS

M. L. Norton, Rec. Nat. Commun. Symp.,
vol. 8, no. 10, Oct. 1962, p. 118/126.

AN AIRBORNE, FOUR-FREQUENCY, FRE-

QUENCY STABILIZED, COHERENT RADAR
SYSTEM

N. G. Hamm, et al., Conf. Proc. Nat. Cony.

Mil. Electronics, vol. 7, Sept. 1963,

p. 57/59.
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• . . NRLwillusethisexperimentalequip-
mentinstalledinaWV-2aircraftfortarget
signatureworkonpointtargetsandareaex-
Section 1.65:

Characteristics of Physical Channels

tensive targets such as sea clutter and terrain
and as one terminal of a one-way transmission

link in anomalous duct propagation investigations.

Physical channels are man-made structures built to guide electrical signals over large distances and to

protect them from external distrubanees. Lines and cables are the oldest madia of long distance communi-

cations. Long distance microwave guide transmission media may be important facilities due to their large

bandwidth capacility. Their mode conversion problems present particular channel characteristics which

call for further investigations before operational systems work satisfactorily (1. 655).

Physical channels are only of secondary importance to actual space links, but they are of prime importance

to ground support communications networks which feed space operations. Data transmission facilities are

in high demand and subdivision 1. 650 gives general reviews and surveys of their progress.

Subdivision 1. 651 contains references to the analytical procedures for describing the performance of long

distance circuits, primarily telephone circuits. The next subdivisions deal with the characteristics of lines,

cables and underwater transmission facilities. The importance of the latter, for interconnections between

shore stations of missile ranges, is evident.

Subdivision 1. 654 refers to characteristics of the equipment in communications plants, as far as they may

influence the channel characteristics. Echo suppressors, and companders are typical examples.

The last subdivision, 1. 659, reviews the practice of evaluating transmission plants for their ability to handle

the traffic load, primarily the large quantities of data which the ground portions of space communications

networks must handle.

Ground facilities for special classes of space communications missions will be included in volume 4. Com-

plete surveys of missile ranges are notwithin the scope of the present series of bibliographies.

1. 650: Characteristics of Ground Communication Networks

Included: Capabilities fo the telephone network for data transmission; Speech volumes in telephone

circuits; Error statistics for communications networks; Characteristics of voice transmission

circuits.

Not Included: Error correction codes (2); Multiplex voice transmission facilities (2); Terminal

equipment; Modems.

Cross References: Experimental evaluation of physical channels (1. 659); Channel characteristics

of radio relay links (1. 662); Digital modulation methods (Div. 1.3).

Principal Publications:

PULSE TRANSMISSION STUDY

H. Fiege-Kollmann, Westinghouse Electric

Corp., Baltimore, Md., Feb. 1959, lv.,
AD 211 434.

CAPABILITIES OF THE TELEPHONE NET-

WORK FOR DATA TRANSMISSION

A. A. Alexander, et al., Bell Syst. Teeh. J.,

vol. 39, no. 3, May 1960, p. 431/476.

• . . results of a nationwide data transmission

field testing program on the telephone switched

message network. Error performance using

the FM digital subset is described and basic trans-
mission characteristics such as net loss, band-

width, envelope delay and noise are given.

DATA TRANSMISSION OVER STANDARD

VOICE COMMUNICATION FACILITIES

H. Fiege-Kollmann, Proc. Nat. Commun.

Symp., vol. 6, Oct. 1960, p. 223/232•

The system described is based upon application

of waveshapes. Practical performance in both

white and impulsive noise will be discussed . . .

certain properties of telephone circuits will be

outlined in statistical presentation ....

HIGH-SPEED TRANSMISSION OF NUMERICAL

DATA OVER TELEPHONE CHANNELS

A. Girinsky, et al., Elect. Commun., vol. 36,

no. 4, 1960, p. 248/262.

• . . information is transmitted in the form

of binary digits . . . equipments that adjust the

speed of transmission to the characteristics of
the transmission network .... There is no

direct-current component in the signaling code

that would be lost in passing through a repeater

or transformer .... the receiver is auto-

matic_.lly synchronized by the transmitter to

provide good reliability and ready adaptability

to all types of telephone systems ....

TRANSMISSION FREQUENCY CttARACTERIS-

TICS OF SAMPLE TELEPHONE CIRCUITS

N. N. Ulguray, Proc. Nat. Electronics Conf.,

vol. 16, Oct. 1960, p. 221.

Abstract only•
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PHONELINEDIGITALTRANSMISSIONSTUDY
HughesAircraftCo.,CulverCity,Calif.,

Sept.1960,240p., (RADCTR60-153),
AD-244193.

Anexperimentalandtheoreticalstudypro-
gramwasundertakentodeterminethecharac-
teristicsofwirelinecircuitsandequipments
andtheirjointcapabilityforsupportingdata
transmission....

ERRORSTATISTICSANDCODINGFORBINARY
TRANSMISSIONOVERTELEPHONECIR-
CUITS

A. B. Fonfaine,etal•, Proc•IRE,vol.49,
no.6, June1961,p. 1059/1065.

THETELEPHONECHANNELINAGLOBAL
COMMUNICATIONSSYSTEM

J. W.Halina,IRETrans.Commun.Syst.,
vol.CS-9,no.3, Sept.1961,p. 247/252.

• . . Thenominal4-kctelephonechannel
isbyfar themostdominantparameterofcon-
temporarytelecommunicationnetworks....
Thispaperisacharacterizationofthetele-
phonechanneltoafirst orderofapproximation
--itsloss,phaseandnoisecharacteristics
andsomerelatedoperationalfactors.

DATALINETECHNIQUES
ArmourResearchFoundation,Chicago,Ill.,

1April 1961,458p•, 62refs., AD263
144.

• . . areviewofpertinenttheoreticalmate-
rial andasurveyofwirelinedigitalcommuni-
cationtechniquestosupportsuggestionsforim-
provingchannelutilization.
FURTHERANALYSISOFERRORSREPORTED

IN"CAPABILITIESOFTHETELEPHONE
NETWORKFORDATATRANSMISSION"

R. Morris,BellSyst.Tech.J., vol.41,no•
4, July1962,p. 1399/1414.

Therecordederrordatafromafieldtesting
programreportedonbyAlexander,Gryb,and
Nasthavebeenfurtheranalyzed•Newmethods
ofanalysishavegivenmoreinformationonthe
causesandnatureoferrorsexperiencedbydata
intheswitchedtelephoneplant.Theresults
obtainedwill enableworkersinthefieldof
errorcontroltousethefieldtestdatamore
effectively....

EffectofDropouts. . .
EffectsofNoise. . .
RoleoftheTestWord. • .
RelationtoError-ControlSchemes. . .

SOMERECENTDEVELOPMENTSINDATA
TRANSMISSION

K. L. Smith,J. Brit. Instn•RadioEngrs.,vol.
24,no.5, Nov•1962,p. 405/414•

• . . useofthetelephonesystemfor data
systemfordatatransmission. . . divisionof
responsibilitybetweenthedataterminal
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manufacturerandthecommunicationauthority
• . . Atypicalrangeofdatatransmissionsys-
temsdesignedtomeetthisinterfacespecifica-
tionis introduced. • • useoferror correction
anderrordetectionsystemsarealsodiscussed.

TELEPHONECIRCUITEVALUATIONFOR
DATATRANSMISSION

K. L. Smith,etal., J• Brit. Instn.Radio
Engrs.,vol.24,no.4, Oct.1962,
p. 297/308,11refs.

• . . statisticalmethodsbasedonextended
testsusingspecialmeasuringequipmentand
computer-baseddatareductionmethods.From
these,mathematicalmodelsofthevariouscir-
cuitscanbeformulatedwherebytheoptimum
arrangementofthetransmitteddataandthe
effectivenessofvariouserrordetectionand
correctionsystems,canbedetermined....

THESYMPOSIUMON"DATATRANSMISSION"
J. Brit. Instn.RadioEngr•,vol.24,no.2,

Aug.1962,p. 148/152.

A SymposiumofsevenpapersonDataTrans-
mission.... washeldattheLondonSchoolof
HygieneandTropicalMedicineon3rdJanuary
1962.Some150engineerswerepresentto -
hearanddiscussthepaperswhichwerearranged
intwosessions-LineconsiderationsandTer-
minalEquipment.... Thepaperspresented
andtheirdatesofpublicationin theJournal. . .

ERRORSTATISTICSANDCODINGFORDIGITAL
DATATRANSMISSIONOVERTELEPHONE
ANDTELETYPECIRCUITS(Correspondence)

A. B. Fontaine,Proc.IEEE,vol.51,no•3,
March1963,p• 474/475.

• . . inanearlierpaperwherefourdatasys-
tems,A-l, CTDS,KineplexandMilgo,were
usedtocollectover2000hoursoferrordata
withtoll-grade,privatemicrowaveandK-carrier
telephonecircuits. . . additionaldatapresented
herearefor two60-wpmteletypecircuitsand
fortwo1200-bit/stelephonecircuits;oneisa
forwardpropagationtroposphericscattercir-
cuitinAlaskaandtheotheraprivatewireserv-
iceintheUnitedKingdom....

SPEECHVOLUMESONBELLSYSTEMMES-
SAGECIRCUITS-1960SURVEY

K. L. McAdoo,BellSyst.Tech.J., vol.42,
no.5, Sept.1963,p. 1999/2012.

• . . measuredatclass5offices.Dataare
presentedfor intrabuilding,interbuilding,tan-
demandtoll connections•Averagespeechvol-
umesarelowestforintrabuildingcallsandin-
creasein levelfortheothertypesofconnections,
withvolumesontoll callsbeingthehighest•In
general,volumesonbusinesscallsarehigher
thanthoseonsocialcalls,andmenspeaklouder
thanwomen•Speechvolumesremainsubstantiallythe
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samein locationscomparabletothoseina
surveymadein1950.

DATATRANSMISSIONERRORS:COMPAR-
ISONOFLFRADIOWITHTELEPHONE
FACILITIES

P. Mertz,RANDCorp.,SantaMonica,Calif.,
Jan.1963,33p., incl. illus., 13refs.,
(Memo.no.R,-3413-PR),AD295650.

Related Publications:

ERROR CORRECTION DATA TRANSMISSION

SYSTEMS

E. R. Aylott, et al., J. Brit. Instn. Radio

Engrs., vol. 24, no. 2, Aug. 1962,

p• 141/148.

. . . Typical error detection and correction

equipments for both the telephone and telex
networks are shown . . . methods for the

evaluation of the relative efficiencies of the

various error correction and detection codes

are described ....

INVESTIGATION OF DIGITAL DATA

COMMUNICATION SYSTEMS (PHASE 2

RE PORT)
H. D. Becker, et al., Cornell Aeronautical

Lab., Inc., Buffalo, N. Y., Rept. for Jan.

1961 - Jan. 1962, 20 Feb. 1962, 311 p.,

incl. illus., refs., (Rept. no. UA-1420-

S-2), (RADC TDR 62-134), AD 276 847.

• . . analysis of the degradation of perform-

ance of noncoherent binary FSK and carrier

keyed systems due to a frequency offset of the

received signal. Theoptimization of systems

operating over dispersive channels in the pre-

sence of nonwhite, gaussian noise is treated

and the effects of mediumphase perturbations

on the performance of digital systems are

analyzed. Partial orderings of digital channels

specified by their transition probabilities are

also investigated.

A 1, 650-BIT-PER-SECOND DATA SYSTEM
FOR USE OVER THE SWITCHED TELE-

PHONE NETWORK

S. Brand, et al., Commun. Electronics, vol.

80, no• 58, Jan. 1962, p. 652/661.

THE COBI DATA TRANSMISSION MODEM

K. H. Morey, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 23 May 1962, 54 p.,

incl. illus., tables, 9 refs., (Technical

rept. no. 263), AD277 501.

The COBI (coded biphase) data transmission

modem employs phase-reversal modulation
and code translation as a means of transmitting

serial digital data over voice-bandwidth tele-

phone circuits . . . a history of data systems

leading to COBI, a brief discussion of tele-

phone-circuit characteristics, and a summary
of the theory basic to phase-reversal modula-

tion .... extensive tests.., specifications

. . . are appended.

1.651: Analytical Procedures for Describing Channel Performance of Transmission Circuits.

Included: Impulse response of transmission circuits; Cross-talk theory; Line attenuation; Standard

transmission levels; Transmission losses; Circuit impedances; Amplitude frequency characteristics

of transmission circuits; Pareto model for error statistics.

Not Included: Network theory; Filter theory; Theory of transmission lines.

Cross References: Transient response of transmission channels in general (1. 622); Distortions

in communications channels (Sect. 1.62); Noise and disturbances in telephone plants (Sect. 1.74);

Correlated noise (1. 742).

Principal Publications:

POLE-ZERO TECHNIQUES APPLIED TO VOICE-

FREQUENCY TELEPHONE LINES

P. Fleming, Jr., Commun. Electronics, vol. 80,

no. 57, Nov. 1961, p. 482/286.

Most textbooks about transmission lines derive

differential equations pertaining to physical

phenomena... Unfortunately, telephone lines are
not lossless, nor is the voice-frequency range of

200 to 4, 000 cycles merely a narrow band of 3,800

cycles; instead, it is 4.3 octaves, or 1.3 decades

of change. The basic parameters ordinarily under-

go the greatest changes in this range; consequently,

the analysis of telephone lines is quite rudimentary

unless calculations are made at several frequencies.

The discussion.., will demonstrate methods for

determining quickly the basic parameters as
functions either of frequency or of the distributed

constants. Further, interesting conclusions can

be drawn about other phenomena, such as the

correlation between the impedance at zero and at

infinite frequencies ....

FREQUENCY ERROR EFFECTS ON A BINARY

COMMUNICATION SYSTEM UTILIZING

COHERENT INTEGRATORS

H. J. Juda, et al., Nat. Commun. Syrup. Ree.,

vol. 7, Oct. 1961, p. 247/253.

. . . to evaluate the performance of a practical

binary communication system and to contrast it to

the performance of an ideal system from the

standpoint of system error rate degradation (at a

given signal-to-noise ratio) as a function of

frequency mismatch between the signal and the

signal detector. The binary communication system

described employs phase shift keying, differential

phase coherent detection, and coherent integrators

as the basic detector element...
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TELEPHONE CIRCUIT AND EQUIPMENT
IMPEDANCES AS THEY AFFECT TRANSMIS-

SION PERFORMANCE

P. F. Radue, Commun. Electronics, vol. 80,

no. 54, May 1961, p. 126/134.

The direct distance dialing (DDD) telecommu-

nications network used throughout the nation and

extending into other nations consists of many complex
elements. One of the problems involves providing

quantity and quality in a talking or data connection.

The following good transmission engineering

practices will result in providing the grade of

service necessary ....

PULSE TRANSMISSION BY AM, FM AND

PM IN THE PRESENCE OF PHASE

DISTORTION

E. D. Sunde, Bell Syst. Tech. J., vol. 40,

no. 2, March 1961, p. 353/422.

MATCHED FILTERS AND INTERSYMBOL

INTERFERENCE

D. W. Tufts, Cruft Lab., Harvard U., Cam-

bridge, Mass., 20 July 1961, 19 p.,

Technical rept. no. 345, AD 263 882.

. . . combining the viewpoints which led to the

formulation of two tools of proven worth in

communication theory--the matched filter and

Nyquist's methods for pulse shaping and

transmission line equalization.

UBER DEN ENTSTEHUNGSMECHANISMUS

DES NEBENSPRECHENS SYMMETRISCHER

LEITUNGEN (On the Mechanism of Crosstalk

Generation on Symmetrical Lines) (In

German)

W. Klein, Arch. Elekt. Uebertragung, vol. 16,

Oct. 1962, p. 525/531.

• . . the fundamentals of the nearly-
transversal and the non-transversal cross-talk

theory. Subsequently the loci of far-end intra-

quad crosstalk are derived by reference to the

basic formulae of the nearly-transversal

crosstalk theory and compared with measure-

meats at frequencies up to 10 Me/s on a four-

pair carrier cable and a twenty-pair local cable.

EFFECT OF AMPLITUDE-FREQUENCY
DISTORTION IN TELECOMMUNICATION

CHANNELS ON THE TRANSMISSION OF

PULSE SIGNALS (Translation)

G. P. Divnogortsev, et al., Telecommun.

Radio Engineering, Part I - Telecommunica-

tions, Jan. 1963, p. 50/54, A63-21038.

Demonstration that the amplitude-frequency

distortion introduced by a communications

channel degrades the waveform of the pulse

signals being transmitted• This degradation

prevents the full exploitation of the effect of

applying phase equilization. It is shown that

in a telecommunications channel provided with a

phase correction having an accuracy equal to the

length of a pulse (with more than five networks
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in the phase equalizing circuit) and an amplitude

correction corresponding to 0.1 neper, the

amplitude-frequency distortion has almost the

same effect as uncorrected phase distortion.

ESTIMATION OF A SYSTEM PULSE TRANSFER

FUNCTION IN THE PRESENCE OF NOISE

M. J. Levin, Lincoln Lab., Mass. Inst. of Tech.,

Lexington, 1963, 7 p., AD 411 832.

• . . Some adaptive control system carry out

measurements of plant parameters during normal

operation. In communication systems an analogous

situation arises in the utilization of time-varying

channels (1). Often the application of a special

test signal is undesirable so the information must

be obtained from ordinary input output data. The

presence of random noise and instrumentation

errors can render many measurements schemes

ineffective. Statistical estimation theory provides

powerful methods for dealing with this type of

problem. Some of these methods are applied to

the estimation of the pulse transfer function of

a linear system.

HARD LINE VS MICROWAVE LINK TRADE-OFF

STUDY VAFB/NMFPA DATA TRANSMISSION

SYSTEM

R. P. McGarrity, Aerospace Corp., Los Angeles,

Calif., Jan. 1964, 20 p., Rept. no. TOR269

4110 03 2., AD 431 743.

• . . Parameters considered in this study were:

security, electromagnetic interference, data

quality and reliability, total bandwidth capacity,

single channel bandwidth capacity, hardness,

flexibility, effect of link length, and cost compar-
ison.

DATA TRANSMISSION OVER CHANNELS WITH

SINUSOIDAL DELAY

M. A. Rappeport, et al., IEEE Paper, no. 63-432,
Feb. 1963, p. 1/16.

ANALYSIS OF THE PARETO MODEL FOR

ERROR STATISTICS ON TELEPHONE

CIRCUITS

S. M. Sussman, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 213/221.

A statistical model for the occurrence of errors

in data transmission over telephone circuits was

recently proposed by Berger and Mandelbrot.
In their model the intervals between successive

errors are distributed independently according to

the Pareto distribution t -_ . This paper presents

an analysis based on the Pareto model and compares

the results with published measurements on

telephone networks .... Comparison with

experiments indicates that the Pareto distribution

provides an excellent representation of the error
statistics ....

ON THE NEED FOR A TRANSMISSION LOSS IN

TRUNK TELEPHONE CIRCUITS

A. W. Thies, Proc. Instn. Radio Engrs. Australia,

vol. 24, no. 12, Dee. 1963, p. 877/880.
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It is shownthatevenanidealtwo-waytrunk
circuitcannotbeadjustedtogiveatransmis-
siongainif it is toperformsatisfactorilyin
conjunctionwith the local telephone network.

Transmission losses which are made necessary

by the shortcomings of practical trunk circuits
are then discussed ....

PEGELANGABEN IN DER UBERTRAGUNGS-

TECHNIK (Level Indication in Transmission

Techniques) (In German)

W. Zaiser, Nachrichtentech. Z., vol. 16,

Sept. 1963, p. 461/463, A63-24422.

Description of the new "C-message weighting

curve" for signal noise. Reference is made to

a nomogram with 14 scales which covers white

noise in the low frequency range from 0.3 to
3.4 kc.

Related Publications:

ON THE USEFULNESS OF SIGNAL DESIGN

TECHNIQUES IN ADAPTIVE TELEMETRY

LINKS

J. C. Hancock, et al., Proc. Internat. Telem.

Conf., vol. 1, Sept. 1963, p. 322/327.

. . . Comparisons are made between systems
which have been designed to have no intersymbol

interference and those which simply use 'guard'

spaces as protection...

LIMITING ACCURACY OF THE SIMULTA-

NEOUS ESTIMATION OF TWO SIGNAL

PARAMETERS IN THE PRESENCE OF

NORMAL NOISE

E. I. Kulikov, Telecommun. Radio Engineering,

Part II - Radio Engineering, Jan. 1963,

p. 53/61, A63-21045.

. . . simultaneous evaluation of the delay

time and frequency shift for the reception of a

bell-shaped radio signal in the presence of white

noise are calculated, . . •

VOICE-FREQUENCY TELEPHONE CIRCUIT
DESIGN BY SIMULATION

T. J. Talley, et al., Commun. Electronics,

vol. 81, no. 64, Jan. 1963, p. 564/568•

Many present-day voice-frequency telephone

circuits require two or more electrically short

links in tandem, minimum capital investment,

and less than a 2-week completion interval.

• . . A practical design for a transmission-

circuit simulator to determine impedance,

return loss, and frequency-attenuation
characteristic is discussed ....

1. 652: Characteristics of Lines and Cables

Included: Crosstalk loss in cables; Coaxial cables; Field wire; Comnmnication cables; Loaded

cable facilities; Transporsition systems for open wire lines; Phase equalization of lines.

Not Included: Mechanical characteristics of lines and cables; Antenna feeder lines•

Cross References: Delay distortions (1.626).

Principal Publications:

COAXIAL-CABLE SYSTEMS: PAST AND FUTURE

A. W. Montgomery, Elect• Commun., vol. 35,

no. 4, 1959, p. 221/229•

• . . to review some of the history of coaxial-
cable systems...

THE REA-1 TRANSPORTATION SYSTEM

A. G. Chapman, et al., Commun. Electronics,

vol. 79, no. 50, Sept. 1960, p. 440/448•

• . . has been employed in many cases for
transposing rural open-wire telephone lines• These

have been both subscriber lines and trunk lines,

voice and carrier .... Unpublished data on

measurements taken by Rural Electrification

Administration (REA) engineers over a frequency

range of 40-495 kc have since further confirmed

the limitations of the R1 transposition system for

multi-system carrier application ....

THE EFFECT OF FIELD WIRE STABILITY ON

TttE MAXIMUM LENGTII OF LOOP

N. W. Feldman, et al., Conf. Proc. Nat. Cony.

Mil. Electronics, vol. 4, June 1960, p. 147/152.

IMPROVED LINE IMPEDANCE STABILIZATION

METHOD
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J. Shaw, et al., Stoddart Aircraft Radio Co.,

Hollywood, Calif., Final rept., Oct. 1960,
lv., AD 419 512.

• . . to develop improved or new techniques of

measuring RF conducted interference at

frequencies ranging from 14 kilocycles to 100

megacycles .... new and improved line impedance

stabilization methods... (a) Application of the

two-current-probe method for measuring impedance

and current of actual impedance sources . • . (b)

Application of the use of half of a current probe for

measuring surface currents ....

DELAY DISTORTION IN TELEPHONE LINES

A. G• Garfield, IRE Internat. Conv. Rec., pt. 8,

March 1961, p. 109/118.

EFFECTS OF CABLE IRREGULARITIES ON TIIE

OPERATION OF TELEPIIONE REPEATERS

S. I. McCaron, Commun. Electronics, vol. 80,

no• 55, July 1961, p. 217/224.

Ideal conditions.., consist essentially of

having line facilities with infinite "return loss. "

In practice, these conditions cannot be

achieved . . . All that is actually needed is an

adequate degree of balance at all frequencies
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• of interest between two circuit elements, such

as a line and its balancing network, to permit

deriving thc required amount of repeater gain

and still to have a 3 to 6 db (decibel) margin

of gain before oscillation or "singing" occurs•

DIE VERZERRUNG VON SIGNALEN IN

HOCHFREQUENZKABELN, EIN NEUER
WEG ZU RIRER BERECHNUNG

(The Distortions of Signal in RF Cables, a
New Method of Computation) (In German)

K. Rihaczek, et al., Nachrichtentech. Z.,
vol. 14, no. 3, March 1961, p. 119/128.

EXPERIMENTS IN THE IMPROVEMENT OF

THE IMPULSE RESPONSE OF TELE-

PHONE CIRCUITS

H• L. Yudkin, Lincoln Lab., Mass• Inst. of

Tech., Lexington, 27 Nov. 1961, 6 p.,

Rept. No. 25G-4, AD 269 557.

• . . high-pass filtering.., perfect phase

equalization (matched filtering). • . It is also

shown that matched filtering results in a more

desirable pulse than is obtained by the

combination of both matched and high-pass

filtering•

SYNTHESIS OF NETWORKS SIMULATING

IMPEDANCE OF LOADED CABLE

FACILITIES

R. W. DeMonte, Commun. Electronics, vol. 80,

no. 58, Jan. 1962, p. 623/627•

• . . describes a procedure for designing a

network that simulates the image impedance of

a loaded cable• The problem is reduced to one

of synthesizing three 2-terminal impedances,

two at one frequency and the third at three

frequencies ....

COMPARATIVE TRANSMISSION CHARACTERIS-

TICS OF POLYETHYLENE INSULATED

AND PAPER INSULATED COMMUNICATION

CABLES

T. G. Heaneberger, et al., Commun. Electronics,

vol. 81, no. 59, March 1962, p. 27/33•

ELECTRICAL UNIFORMITY AND DEVIATIONS

CONTROL IN POLYETHYLENE-INSULATED

MULTIPAIRED CABLES

W. L. Roberts, Commun. Electronics, vol. 80,

no. 58, Jan. 1962, p. 570/577•

• . . Improvements in cable uniformity can

never guarantee attainment of a desired set of

transmission criteria, but will always augment

over-all system quality .... Detailed transmis-

sion and erosstalk on paired polyethylene cable

have been published recently by Eager, Jachimo-

wicz, Kolodny, and Robinson. Also included are

data on variation of parameters with temperature

and humidity, and measurements of shield para-

meters on helical and folded corrugated aluminum
shields•

This paper is concerned primarily with

variations in primary electrical parameters

between pairs within a cable (transverse deviations),

and variations between different lengths of cable

(longitudinal deviations) ....
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A METHOD OF ESTIMATING THE 1%

MINIMUM CROSSTALK LOSS FOR VOICE

FREQUENCIES IN A PAIRED CABLE,

WITHOUT EMPIRICAL DATA

D. Aviv, et al., IEEE Trans. Commun. Electronics

no. 69, Nov. 1963, p. 668/673.

• . . A mathematical method for estimating the

crosstalk loss corresponding to a probability of

occurrence of P% at a specific voice frequency is

described. The method requires only the

information in a given cable specification regarding

unbalanced cable parameters and the cable

manufacturer's inspection procedure.

VHF COAXIAL CABLES HAVING AN OUTER

CONDUCTOR IN ALUMINUM MANUFACTURE

AND MEASUREMENTS AT VHF (In French)

J. Orsini, et al., Onde Electr., vol. 43, no. 430,

Jan. 1963, p. 5/24.

• . . These cables must have certain electrical

performances over wide range of frequencies• . .

We describe the principal electrical tests which

we have made up to frequencies as high as 10,000

megacycles• . . intereonnection.., between

themselves.., treatment of the output• . .
connectors.

INTERFERENCE REDUCTION IN CABLES

R. F. Ficcki, IEEE Internat. Conv. Ree•,

Pt. 8, vol. 11, March 1963, p• 104/114.

• . . a major sub-problem associated with
conducted interference is that known as

interference reduction in cables. Much has

been written about this cable problem; many

of the accomplishments of the electronics

industry has been reported in the literature•

• . . In this paper, no attempt has been made

to add new solutions or to point out new

problems. The intention here and the objective

of this paper is to look at the approaches and

the solutions and to bring order to various

schemes that have been developed ....

TRANSIENT RADIATION EFFECTS IN

COAXIAL CABLES DUE TO GAMMA-

NEUTRON RADIATION PULSES

H. W. WicMein, Commun. Electronics,

vol. 81, no. 64, Jan. 1963, p. 473/483.

Definitive good-geometry tests have been
performed on RG-59B/U and RG-174/U coaxial

cables at the Kukla pulsed reactor .... The

responsible mechanisms are Compton scattering,

ion pair generation, and secondary emission.

Related References:

AN INTERSYMBOL ADJUSTMENT METHOD

OF DISTORTION COMPENSATION

E. D. Gibson, Conf. Proc. Nat. Conv. Mil.

Electronics, vol. 5, June 1961, p. 196/207.

• . . describes a device capable of

simultaneously compensating for both amplitude

and delay distortion .... is well suited for

use as an equalizer of digital or analog

transmission systems, a highly adjustable

filter, or a laboratory instrument ....
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1.653: Characteristics of Underwater Cable Facilities

Included: Submarine telephone cables.

Not Included: TASI system of asynchronous speech multiplexing (2); Cable ships; Reliability

problems of undersea facilities.

Cross References: Subsurface propagation of electromagnetic waves (1• 636).

Principal Publications:

A NOTE ON THE LAYING EFFECT AND AGING

OF SUBMARINE TELEPHONE CABLES

R.A• Brockbank, Post Off. Elect. Engrs. J.,

vol. 54, no. 1, April 1961, p. 20/21.

TIME-DIVISION-MULTIPLEX TE LEGRA PHY

ON THE TRANSATLANTIC TELEPHONE

CABLE

H.E. Evans, et al., Post. Off. Elect. Engrs. J.,

vol. 54, no. 2, July 1961, p. 113/117.

The use of synchronous time-division working,

made possible by the excellent performance of

the frequency-modulation voice-frequency tele-

graph channels and the low noise level of the trans-

mission path, offers a method of doubling the traf-

tic-carrying capacity of telegraph channels on the

transatlantic telephone cable ....

THE EQUALIZATION DURING LAYING OF THE
ANGLO-SWEDISH SUBMARINE TE LE-

PHONE CABLE

F• Scowen, Post Off. Elect. Engrs• J., vol. 54,

no. 1, April 1961, p. 48/50.

LOCATION OF REPEATER FAULTS ON SUB-

MARINE TELEPHONE CABLES

F• Scowen, Post Off. Elect. Engrs. J•,

vol• 54, no. 4, Jan• 1962, p. 252/256.

CANTAT-A NEW SUBMARINE TELEPHONE

CABLE SYSTEM TO CANADA

Post Off. Elect. Engrs. J., vol. 54, no. 4,

Jan. 1962, p. 220/222.

SHIPBOARD-ADJUSTABLE SUBMERGED

EQUALISER

B.M. Dawidziuk, et al., Elect. Commun.,

vol. 38, no. 1, 1963, p• 88/105.

• . . system equalization is of paramount

importance .... the exact properties of the

equalizer depend on the characteristics of the

cable and repeaters as laid and can therefore

be accomplished only during the laying of the

cable • • . A detailed description of the type

of adjustable submerged equalizer initially

developed for the recently completed Scotice

and Med-1 projects is given in this paper ....
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THE ANGLO-CANADIAN TRANSATLANTIC

TE LE PHONE CAB LE SYSTEM (CANTAT)

R.J. Halsey, Post. Off. Elect• Engrs. J.,

vol. 56, no. 2, July 1963, p. 73/75.

SWITCHING ARRANGEMENTS FOR SEMI-

AUTOMATIC OPERATION OF TRANSOCEANIC

TELEPHONE-CABLE CIRCUITS

D.L. Heptinstall, et al., Post Off. Elect. Engrs.

J., vol. 56, no. 2, July 1963, p. 105/110.

• . . Operator access to the transatlantic

telephone circuits is indirect and new register-
controlled 4-wire link circuits have been pro-

vided for outgoing calls, while for incoming calls

a new incoming international register-translator

has been installed ....

A MAGNETIC AMPLIFIER FOR LOW-LEVEL

TELEGRAPH SIGNALS

L.A. Rioual, J. Brit. Inst. Radio Engrs.,

vol. 25, no. 6, June 1963, p. 541/546.

In the design of submerged repeaters for

submarine telegraph cables, the need arises for

a circuit capable of amplifying very low frequency

signals with great reliability .... repeater cir-

cuit is described, in which a magnetic amplifier

is used for frequency conversion of the telegraph

signals ....

LINE AND REGISTER SIGNALLING SYSTEMS

FOR DIA LL ING OVER TRANSOCEANIC

TE LE PHONE CAB LES

S. Welch, Post Off. Elect. Engrs. J., vol. 56,

no. 2, July.1963, p. 111/118.

Line and register signalling systems have been

developed for dialling over transoceanic cables.

The systems are compatible with T.A.S.I. equip-

ment and with both 3 kc/s-spaced and 4 kc/s-

spaced circuits. This article describes the

circuit principles of both signalling systems•

UNITED KINGDOM--FAROES--ICELAND (Scotice)
SUBMARINE-CABLE TELEPHONE SYSTEM

M.V. Young, et al., Elect. Commun., vol. 38,

no. I, 1963, p. 76/87.
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1• 654: Characteristics of Transmission Plant Facilities

Included: Echo suppressors; Compandors; Correctors for distortions.

Not Included: Error correction codes (2); Modems; Terminal equipment; Switching centers;
Voice circuit multiplex systems (2).

Cross References: Phase equalization in cables (i. 652); Delay distortions in general (i. 626);
Repeaters for pulse code modulation (i• 522).

Principal Publications:

COMPANDOR EFFECTS ON DATA SIGNALS

E. Enriques, Proc. Nat. Electronics Con/.,
vol. 16, Oct. 1960, p• 220•

Abstract Only.

VOICE IMMUNITY OF TONE OPERATED
SWITCHING CENTERS

J.H. Guenther, et al., Commun. Electronics,
vol. 79, no. 51, Nov• 1960, p. 553/557•

Tone operation of electronic switching centers
is the natural outgrowth of 4-wire operation of com-
munication systems using a radio link .... to
determIne what part of the spectrum should be
utilized for the control tones .... The system

here described was . . • for the Army field switeh-
board .... specifications...

A HIGHLY VERSATILE CORRECTOR OF
DISTORTION AND IMPULSE NOISE

E.D. Gibson, Proc. Nat• Electronics Conf.,
vol. 17, Oct. 1961, p. 343•

• . . utilizes a "scrambler" (or predisterter)
• . • called the ISIC (Inter-Symbol interference
Corrector) and a fixed, "smear" filter. The de-
scrambler consists of another ISIC and a "de-
smear" filter.

CORRECTING ERRORS IN DATA TRANSMISSION

BETWEEN STATIONS OF THE SATELLITE
CONTROL FACILITY

H. Reid, Conf. Proc. Nat. Winter Conv. Mil.

Electronics, vol. 1, Feb. 1962, p. 180/187.

• . . reliable transmission of digital data over
voice frequency telephone lines .... This paper
describes the Data Line Translator (DLT) which
was developed in cooperation with the U.S. Air

Force, Lockheed Missiles and Space Company and
Phllco Corp. to meet an Air Force requirement for
error-free digital transmission via transcontinental
voice band telephone service between stations of

the Satellite Control Facility ....

THE EFFECTS OF TIME DELAY AND ECHOES
ON TELEPHONE CONVERSATIONS

J.W. Emling, et al•, Bell Syst. Tech• J.,
vol. 42, no. 6, Nov. 1963, p. 2869/2891.

• . . brief history . . . Actual delays involved
in typical circuits . . . discussion of the effects

of delay only on typical conversations . • .
sources of echo.., measures • . . to reduce

echo by improving return loss . . • introduction

to echo suppressors and some of the new problems
they introduce•

EFFECTS OF TIME DELAY AND ECHOES ON
TELEPHONE CONVERSATIONS

J.W. Emling, et al., IRE Internat. Conv. Rec.,
I_rt 8, vol. 10, March 1962, p. 122.

Abstract Only.

A CARRIER-OPERATED ECHO SUPPRESSOR AND
CONTROL DEVICE

T.F. Benewicz, IRE Trans. Commun. Systems,
vol. CS-10, no. 2, June 1962, p. 208/214.

Of the numerous distortions affecting high
quality facsimile reception, noise and echo
represent the most troublesome offenders• This
paper describes a device which fills the critical
need for suppression of noise and echo currents

on two-way multipoint facsimile networks ....

TRANSMISSION CHARACTERISTICS OF BE LL

SYSTEM SUBSCRIBER LOOP PLANT
R.G. Hinderliter, IEEE Trans. Commun.

Electronics, no• 68, Sept. 1963, p. 464/470.

• . . This paper discusses some principal re-
sults of a recent Bell System subscriber loop
survey. Statistically sound estimates of various
physical and transmission characteristics of the

loop plant are presented.

SUBJECTIVE EVALUATION OF DELAY AND
ECHO SUPPRESSORS IN TELEPHONE COM-
MUNICATIONS

R.R. Reisz, et al., Bell Syst. Tech. J., vol. 42,
no. 6, Nov. 1963, p. 2919/2941.

The effect of transmission delay upon the

quality of a telephone circuit was investigated
using naturally occurring telephone conversations.

Round-trip delays of 600 and 1200 msec went al-
most unnoticed at first when no echo sources or

echo suppressors were present in the circuit.
After exposure to pure delays of up to 2400 msec,

considerable dissatisfaction, indicated by rejection
of the circuit, developed with the 600- and 1200-

msec delays. When echo sources and echo sup-
pressors were added to the circuit, some dis-
satisfaction developed immediately for round-trip
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delays of 600 and 1200 msec• No adaptation
to the effects of delay occurred; in fact
dissatisfaction increased with experience
under certain conditions.

Related Publications:

. • . attenuations of the order of 200 decibels at

500 kilocycles per second .... Repeaters with
slope equalization.., from a few decibels to a

maximum of approximately 16 decibels ....
Adequate system regulation for 15-to-18-decibel
variation • . •

SIGNALING SYSTEMS FOR CONTROL OF

TELEPHONE SWITCHING

C. Breen, et al•, Bell Syst• Tech. J.,
vol• 39, no. 6, Nov. 1960, p. 1381/1444•

Telephone signaling is basically a matter of
transferring information between machines, and
between humans and machines .... history of ,

• • . systems used between central offices of the
nationwide telephone network • . • influence on
such systems of the characteristics of switching

systems and their information requirements, the
transmission media and the compatibility

problem .... some of the . . . systems
presently in use .... problem of signaling

between Bell System and overseas telephone
systems . . . new transmission media ....
some speculation is made on the future trends of
telephone signaling systems ....

K24A SYNCROPLEX TELEPHONE CARRIER
SYSTEM

B. G. Coetsee, etal., Elect. Commun.,
vol. 36, no. 4, 1960, p. 230/247.

• . . exchange carrier system . . . electrical
characteristics of typical exchange lines . . .
application on line lengths between 5 and 20 miles

AUTOMATIC ERROR-DETECTION SYSTEM FOR

TOLL-GRADE TELEPHONE CIRCUIT DATA
TRANSMISSION

W• G. Schmidt, LIncoln Lab•, Mass. Inst. of
Tech. , Lexington, 27 Nov. 1961, 11 p.,

(Rept• no. 25G-5), AD 268 128.

• . . error rate . . . function of terminal

equipment reliability and . . . synchronization
• . . The general system, the logical designcon-
siderations, the hazards encountered, and the
debugging and test methods used are described.

APPLICATION OF CARRIER SYSTEMS TO EX-
CHANGE TRUNK PLANT IN CANADA

A. Curran, et al., Commun. Electronics,
vol. 81, no. 60, May 1962, p. 116/120.

• . . demand for relatively long exchange trunk

circuits . . . requirement • . . that is may be
operated over existing exchange trunk cables ....
results of tests conducted to determine the range

of attenuation, crosstalk coupling loss, and noise
liable to be encountered on existing cables.
• . . shows how the observed values were used in

the design of the NX-1 Exchange Trunk Carrier

System ....

1.655: Characteristics of Long Distance Waveguide Plants

Included: Mode conversion problems; Dispersion in waveguides; Multi-mode transmission lines;
Multi-mode distortions.

Not Included: Electromagnetic theory of transmission lines.

Cross References: Distortions in communications channels (Sect. 1.62).

Principal Publications:

RELATION ENTRE LES VARIATIONS D'AMPLI-
TUDE ET DE PHASE D'UNE ONDE ELECTRO-

MAGNETIQUE (Relations Between Amplitude
and Phase Variations of an Electromagnetic

Wave) (In French)
P. G. Broussaud, Annales de Radioclectricite,

vol. 14, July 1959, p. 250/259.

When energy is extracted from a guided elec-
tromagnetic wave a phase shift occurs with a
sign which is often one of the main characteristics•
• . . in a number of special cases of considerable
practical importance (constant factor of asymmetry

process) the phase shift is almost always a phase
lead for series type coupling and a lag for shunt
type coupling.
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SYSTEM ASPECTS OF LONG-DISTANCE COM-
MUNICATION BY WAVEGUIDE

A.E. Karbowiak, t>roc. Instn. Elect. Engrs.,
London (Part B), vol. 109, no. 46, July 1962,
p. 336/344.

A brief summary of the prIncipal features of
waveguide characteristics . . . The effect of at-

tenuation and dispersion.., a new approach to
mode conversion-reconversion phenomena...

MEASUREMENT OF THE LOSS OF UNWANTED
MODES IN WAVEGUIDE FOR LONG-DISTANCE
TRANSMISSION

R.F. Skedd, Proc. Instn. Elect• Engrs., London
(Part B), voL 109, no. 48, Nov. 1962, p. 515/
518•
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Long-distance,high-capacitytransmissionvia
theTE01modeincircularwaveguideisanat-
tractivegoalbecausethetheoreticalattenuation
causedbyheatlossdecreasesmonotonicallyas
thefrequencyofoperationincreases.However,
continuousrandommodeconversioncausedby
themanufacturingor thelayingofthewaveguide
causessevererandomfluctuationswithfrequency
in thetransferfunctionofpresent-daywaveguide,
afactwhichapparentlyeliminatesall butthe
"toughest"modulationschemes,suchaspulse
codemodulationandanglemodulation.

Inthispaper,wepresentthederivationofa
techniqueforanalyzingtheeffectsofcontinuous
randommodeconversiononanangle-modulated
wave. . . Theexamplesusetypicalstate-of-the-
art dataandaresignificantin thattheydemon-
stratethatFMappearstobeanattractive
modulationscheme. . .
THENATUREOFANDSYSTEMINFERENCESOF

DELAYDISTORTIONDUETOMODECON-
VERSIONINMULTIMODETRANSMISSION
SYSTEMS

S.E°Miller,BellSyst.Tech.J•, vol.42,no.6,
Nov.1963,p. 2741/2760.
Quantitativeestimatesofdelaydistortiondue

tomodeconversioninamultimodemediumare
madeusingananalysisbasedonmodescoupled
throughpower-transfercoefficients•Thisre-
sultsinasimpletranslationfromthespatial
distributionofmodeconversiontodelaydistortion
withoutanintermediatestepinthefrequency
domain. . .

• . . ForPCMinanall-helixwaveguide,it is
concludedthatapulserateupto5000megabits
andupto746milesbetweenregeneratorsis
permittedbymodeconversioneffect...

Fortransmissionoffrequencydivisionmulti-
plexviaafrequency-modulatedcarrier(FDM-
FM),estimatesbasedonthediscrete-echotheory
ofBennett,CurtisandRicesuggestthat4000-
miletransmissionof 2000channelgroupsis pos-
sibleinall-helixwaveguide. . .

Separateconsiderationisbeinggiventodelay
distortionduetowave-guidecutoffdispersion,
whichwillbeappreciableinsomeconfigurations
describedandwill requireequalization•

MODELFORRELATINGCOUPLEDPOWER
EQUATIONSTOCOUPLEDAMPLITUDE
EQUATIONS

D.T.Young,BellSyst.Tech.J., vol.42,
no.6, Nov.1963,p. 2761/2764.

• . . Theequationsmayallowonetoapproach
coupled-modeproblemsdirectlyforstatistical
results.
EFFECTOFDIFFERENTIALLOSSONAPPROXI-

MATESOLUTIONSTOTHECOUPLEDLINE
EQUATIONS

D.T. Young,BellSyst.Tech.J., vol.42,no.6,
Nov.1963,_. 2787/2793.
Theassumptionofzerodifferentiallossbetween

couplingmodesinamulti-modetransmissionline
reducesthecomplexityoftheoreticalanalysis.

Hereweshow. . . approximatesolution...

1.659: ExperimentalEvaluationofTransmissionCircuits
Included: Subscriber loop testing; Telephone echo tests; Recording of transmission errors•

Not Included: Error correcting codes (2).

Cross References: Summaries of plant evaluation (1. 650); Measurements of time-variant channels
(1. 619); Experimental evaluation of propagation media (1. 639); Simulation of time-variant channels
(1. 619); Pulse noise evaluation (1. 717).

Principal Publications:

MEASUREMENT OF TIME-VARYING
TELEPHONE LINE CHARACTERISTICS

R.G. Gallager, LIncoln Lab., Mass. Inst. of

Tech., Lexington, Sept• 1959, 11 p., (Group
rept. no. 25G-0003), AD 230 432.

The general problem of measuring time-varying
telephone line characteristics is discussed. An
apparatus built to measure these characteristics is
described. The apparatus is criticized and recom-

mendations are made for an improved model.

NOTES ON TRANSMISSION OF DATA AT 750
BAUDS OVER PRACTICAL CIRCUITS

P.A. Chittenden, Proe. Nat. Electronics

Conf., vol. 16, Oct. 1960, p. 22/28•

Experience of using a 750 baud phase-modulated
data transmission equipment over commercial

trunk circuits is described. The results show that

short interruptions of the transmission path (which
would in general be unnoticed on speech) rather
than noise, is the most serious impairment with

which the equipment has to contend, particularly
since the interruptions are very difficult to locate.

This leads to the conclusions that . . . the

quality of a data path based on an average number
of digit errors is unrealistic, and that error de-

tection with repetition is . . . an equally effec-
tive.., method...

DATA TRANSMISSION PERFORMANCE ON LONG-
HAUL TELEPHONE FACILITIES

P.V. Dimock, Proc. Nat. Electronics Conf.,
vol. 16, Oct. 1960, p. 29/36.

The effects on data transmission over

circuits several thousand miles long on com-
mon types of long-haul voice transmission
facilities have been investigated. Data signals

were transmitted by frequency modulation at a
rate of 750 bits per second, well within the band-

width limitations of the circuits employed, and
average noise was not a significant factor.
Several hundreds of hours of continuous per-
formance tests were made on each of the follow-

ing types of facilities: multi-pair cable carrier

systems (Type K), coaxial cable carrier systems
(Type L), and microwave relay systems (TD-2).

It was found that the performance was gener-
ally characterized by periods of error-free
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transmissioninterposedbycatastrophicdegrada-
tions-orinterruptions--ofvariableduration
rangingfrommillisecondstominutes....
curvesshowingthenumberofdisturbancesper
100hoursper1000milesthatexceedvarious
durationsforthethreetypesoffacilities....
THETESTINGOFDIGITALDATATRANSMIS-

SIONCHANNELSANDCIRCUITS
R.G.Enticknap,Proc.Nat•ElectronicsConf.,

vol.16,Oct.1960,p. 66/71•
• . . concentratedprimarilyontelephone

circuitsofatypegenerallyavailable,aimsata
betterunderstandingofthesetransmission
media,particularlyinrespectoftheadditive
andmultiplicativenoisewhichappearsto
constitutethemajorsourceoferrorsincur-
rentdatatransmissionsystems.
MEASUREDERRORDISTRIBUTIONSONTHE

BELLA-1FACILITYOVERVARIOUS
MEDIA

E.J. Hofmann,Proc.Nat•ElectronicsConf.,
vol•16,Oct•1960,p. 37/44•
Errordistributionshavebeenobtainedby

experimentscarriedoutusinganautomatic
digitaldataerrorrecorderwMchisdescribed•
Mediaincludeseverallandlinetelephonecir-
cuitsandtheHawaiiancable.Bothdataand
syncerrorsratesareshown,andtheirtemporal
andamplitudecharacteristicsareexamined•
• . • Theeffectivenessofparitycheckingasan
error-detectingdeviceis alsoevaluated....
TELEPHONEECHOTESTS
D.L. Richards,etal., Proc.Instn.Elect•

Engrs.PartB(London),vol.107,no.36,
Nov.1960,p. 553/556.
Electricalreflectionontelephonecircuits

havingappreciabletimesofpropagationcan
causedelayedsideteneeffectssubjectively
similartoecho.Thevariationsinsubjects'
toleranceofthisechoisexaminedexperi-
mentallyasafunctionofechoattenuationand
delay.Thedispersionoftolerancebetween
subjectsisalsoconsidered. • .
SOMERESULTSONTHEEFFECTIVENESSOF

ERROR-CONTROLPROCEDURESINDIGITAL
DATATRANSMISSION

W•R. Bennett,IRETrans.Commun.Syst.,vol.
CS-9,March1961,p•58/65•
A numberoferror-correctingmethodsare

evaluatedbyacomputersimulationtechnique
usingtheparametersofseveralhypothetical
transmissionchannelswhichmightberepre-
sentativeoftelephonecircuits.
AIRWEAPONSCONTROLSYSTEM412L•

INTRODUCTIONTOFSKDATATRANSMIS-
SION

GeneralElectricCo•,Syracuse,N.Y., 30
Sept.1961,58p., 7refs., (Rept.no.AWCS-
CS-3),AD272108.
• . . effectofenvelopedelayontheFSKsignal

isanalyticallyexamined.., theoreticalpredic-
tionoferrorrateversussignal-to-noiseratiois
comparedtoexperimentalresultsobtainedby
laboratorysimulation...
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RECORDINGANDVISUALANALYSISOFNOISE
ERRORS

A.E. Johanson,Commun.Electronics,vol.81,
no.60,May,1962,p. 90/94•
• . . Inarecentdatatransmissiontest,a

methodforvisuallyevaluatingthecausesof
errorswastried. Photographicreproductions
oferrormessageswereproducedbythecombined
useofamagnetictaperecorderandarecording
oscillograph.Thesewereanalyzedvisuallyand
theerrorsclassifiedbycauseintoeightcate-
gories.Inseveralofthesecategories,thefault
liesin thetermInalequipment,in therest, ap-
parentlyin thetransmissionchannel.Examples
aregivenofvarioustypesoferrorsencountered.
• o .

INVESTIGATION OF TItE ERROR STATISTICS
OF PULSE DATA UNDER NON GAUSSIAN
NOISE CONDITIONS

K. Kupfmuller, Technische Hoschule, Darmstadt
(Germany). Final technical rept., 1 Oct. 1961-
30 Sept. 1962, 30 Sept. 1962, 7 p.,AD294828.

• . . Noise recorded from heavily disturbed

subscriber's lines was investigated. A data
transmission system using amplitude modulation
and a transmission speed of 1800 baud was built
up and tests were carried out in the presence of
noise to study the receiver error rates.

DATA TRANSMISSION TESTING FROM DON-

NELLY FLATS, ALASKA, TO SUNNYVALE,
CALIFORNIA OVER A NETWORK OF CAR-

RIER EQUIPMENT
P.L. Grant, Lincoln Lab., Mass. Inst. of Tech.,

Lexington, Feb. 21, 1963, 30 p., 2 refs.,

(Rept. 256-11) N63-22083.

• . . evaluating the coded diphase data
modem over a combination of K-carrier

TD-2 (microwave), and submarine cable from
Donnelly Flats, Alaska, to Sunnyvale, California.
Occurrence of errors is related as much as

possible to the daily log and the record of
equipment failures, interruptions, and circuit
failures•

ENGINEERING CONSIDERATIONS OF SUB-
SCRIBER LOOP TESTING

G.K. Helder, IEEE Trans. Commun. Elec-
tronics, no. 66_ May 1963, p. 164/168.

• . . It is shown that insertion loss can be used

as a criterion for detecting loops which have
violated the rules•

RESULTS OF DATA TRANSMISSION TESTS

OVER TELEPHONE LINKS (In French)

J. Labeyrie, Onde Electr., vol. 43, no. 431,
Feb. 1963, p. 94/105•

• . . outlines the results of data transmission
tests which have been carried out under the direc-

tion or with the cooperation of the C.N.E.T.,
over both normal and special telephone links.
• • . statistical analysis of recordings . . . pat-
tern of errors (interval between errors, size of
error groups, interval between erroneous blocks
of numbers, etc•).
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Section 1.66

Point-to-Point Radio Channels

This section has references to radio communications channels between fixed terminals, usually called point-
to-point links. There is one exception: Short wave point-to-point links are discussed in subdivision 1.644
under short wave propagation characteristics.

The radio channels discussed in this section have multipath problems and all but the microwave line-of-sight
channels (1. 662) are dispersive channels, usually designated as scatter channels. This is why the first two
subdivisions of this section discuss the common aspects of scatter channels.

Subdivision 1. 662 offers a selection of references to line-of-sight microwave links; interest is concentrated
on the channel characteristics. The multiplex problems of microwave links will be discussed in volume 2.

The remaaining subdivisions deal with ionospheric, tropospheric meteoric scatter channels and with two space
communications channels: The orbital dipole channel and the Moon relays. In these subdivisions only those
references which convey information on channel characteristics are included. Equipment problems and mis-
sion considerations for the last two subdivisions are included in subject 4A.

1. 660: Radio Channels Between Fixed Terminals

Included: Scatter communications in general; Point-to-point radio communications; Surveys of
communications methods for multipath channels.

Not Included: Adaptive point-to-point channels (2).

Cross References: Analysis of multipath and fading channels (1.612); HF point-to-point links
(1. 644).

Principal Publications:

TROPOSPHERIC SCATTER PROPAGATION--
A SUMMARY OF RECENT PROGRESS

H. Staras, RCA Rev., vol. 19, no. i, March
1958, p. 3/18.

NEW SYSTEM DEFEATS MULTIPATH EFFECT

G•A. Scheer, Electronic Industr., vol. 19,
May 1960, p. 150/153+•

ERROR PROBABILITIES FOR DATA TRANS-
MISSION OVER FADING RADIO PATHS

B.B. Barrow, SHAPE Air Defense Technical

Center, The Hague (Netherlands), Feb.
1962, 148 p., incl. illus., talbes., refs.,
(SADTC Technical memo. no• TM-26),
AD 273 846•

• . . Theoretical results .... various re-

ceiving systems, including some that use diversity
reception, are examined. The models used are

most appropriate for scatter propagation • . .
Various methods of keying are considered
with particular emphasis on frequency-shift
keying.

COMMUNICATION THROUGH RANDOM MULTI-
PATH MEDIA

D• P. Harris, Stanford Electronics Labs., Stan-
ford U., Calif., April 1962, 89 p. incl. illus.,
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24 refs., (Technical rept. no. 1002-2), AD
291 447.

• . . Analysis is undertaken in sufficient depth
to give guidance in the selection of design para-
meters of various types of systems .... com-
parisons . . . of the performance potentials of
different communication techniques. Bounds on

the communication rate possible with an adaptive
matched-filter receiving technique are obtained

as functions of the channel-sounding effort, the
signal characteristics, and the channel char-
acteristics .... The performance character-

istics of a class of radiometric signal-detection
techniques that require no channel-sounding pro-
visions are analyzed .... The results appear to
be very attractive when relatively large channel
bandwidths are available .... For many types

of multipath channels, the advantages of seeking
generally optimum communication techniques are
somewhat limited.

MULTIPATH AND SCATTER COMMUNICATION

TECHNIQUES

D.P. Harris, IRE Internat. Cony. Ree., pt. 8,
vol. 10, March 1962, p. 161, 16 refs.

• . . results of an investigation of random-
multipath and scatter communication channels
and of communication techniques applicable to

such channels. The limiting bounds imposed on
the performance of adaptive matched-filter re-

ceiver techniques by channel-sounding errors are
evaluated for a wide range of behavior in practical
multipath-channel models ....
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COMMUNICATION PROCESSES IN RANDOM

MULTIPATH CHANNELS

C.K. Rushforth, Stanford Electronics Labs.,

Stanford U., Calif., April 1962, 31 p.,

incl. illus., 11 refs., (Rept. no. SEL-62-

063; Technical rept. no. 2004-5), AD276 688.

AD 276 688.

• . . channels whose exact nature is not

knownapriori... Two criteria . . . the

probability of error and the divergence be-

tween statistical hypotheses .... The
adaptive behavior of a receiver is considered

with memory making a sequence of observa-
tions. It is shown for a particular case that

the optimum receiver evolves from one using

estimates of the channel output to the classical

matched filter or correlation detector using a

known channel output.

ADVANCED COMMUNICATION THEORY

TECHNIQUES

J.C. Hancock, et al., Purdue Research

Foundation, LaFayette, Ind., March

1963, 253 p., ASD TDR63 186, AD 405

154.

• . . channels are characterized by a

model which accounts for both multiplicative

and additive disturbances• A large amount of

experimental data pertaining to radio disturb-
ances is evaluated and correlated. The im-

portance of the Rayleigh fading channel is

emphasized and previous work is extended to

determine the capacity and efficiency of the

Rayleigh channel ....

COMMUNICATION THROUGH RANDOM MULTI-

PATH MEDIA

D.P. Harris, I_ckheed Aircraft Corp., Sunny-

vale, Calif., 6 July 1963, 96 p., AD 410 286•

• . . some specific techniques for communi-

cating through noisy, randomly time-varying

multipath channels are considered • • . Bounds

on the communication rate possible with an

adaptive matched-filter receiving technique are
obtained as functions of the channel-sound effort,

the signal characteristics, and the channel

characteristics• The performance character-
istics of a class of radiometric signal detection

techniques that require no channel sounding pro-

visions are analyzed . • •

COMMUNICATION THROUGH RANDOMLY

VARYING MEDIA

G.L. Turin, IN: RADIO WAVES AND CIRCUITS;

Proceedings of Commission VI on Radio

Waves and Circuits during the XIIIth General

Assembly of URSI, London, Sept. 1960,

Edited by Samuel Silver, New York, Elsevier

Publishing Co., 1963, p. 201/207, 10 refs.,
A64-10834.

Summary of several results concerning com-

munication through a fading, noisy, multi-di-

versity channel. In particular, the form of the

optimum receiver for such a channel is outlined•

The behavior of the error probability for this re-

ceiver is discussed for the binary case, for

various types of fading and orders of diversity•

A special case is a frequency-shift telegraph
channel•

1.661: Scatter Systems Desig_ Information

Included: Design of wideband scatter systems; Data transmission over scatter systems; Analytical

description of scatter channels in general.

Not Included: Terminal design for scatter systems.

Cross References: Analysis of multipath and fading channels (1. 612); Performance of HF communi-

cations channels (1. 644); Analysis of ionospheric scatter channels (1. 663); Analysis of tropospheric

scatter channels (1. 664).

Principal Publications:

APPLICATION OF INFORMATION THEORY TO

VARIABLE RATE SCATTER COMMUNICA-

TIONS

H. Blasbalg, 2nd Nat. Syrup. Global Commun.,

Dec. 1958, p. 1/35.

THE DESIGN OF WIDEBAND SCATTER

SYSTEMS

M. O. Felix, IRE WESCON Cony. Rec., Pt. 7,

vol. 3, 1959, p. 33/40.

REMARKS ON TtIE FADING OF SCATTERED

RADIO WAVES

R. A. Silverman, IRE Trans. Antennas Propaga-

tion, vol. AP-6, Oct. 1958, p. 378/380.

PRELIMITING BANDPASS FILTERING ON

FADING RADIO CIRCUITS

C. Buff, IRE Trans. Commun. Syst., vol. CS-7,

May 1959, p. 42/46.

On channels subject to multipath propagation,

minimum-loss, flat-topped filters create serious

transient effects which add greatly to the error

rate in data transmission. Because of adjacent

channel requirements, an over-all Gaussian

response is not applicable. A practical solution
is considered to be a rounded-top filter composed

of a series of synchronous-tuned single circuits

in cascade• Observations on an independent

side band (ISB) telegraph circuit. A threefold
improvement in the error rate of 45-baud printer

operation.

TItE DESIGN OF WIDE-BAND SCATTER

SYSTEMS

M. O. Felix, IRE Trans• Commun. Systems,

vol. CS-8, no. 3, Sept. 1960, p. 177/182.
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Themodulationbandwidththatascattersystem
canhandleis mainlydeterminedbythetransmitting
andreceivingantennabeamwidths.

• • . Bywidebandit is meant,asystemhandling
frequenciesofseveralmegacycles,inwhichwave-
formand,therefore,delayequalization,is
important.
THESUMOFLOG-NORMALPROBABILITY

DISTRIBUTIONSIN SCATTERTRANSMISSION
SYSTEMS

L. F. Fenton,IRETrans.Commun.Syst•,vol.
CS-8,no.1,March1960,p. 37/67•

STATISTICALANALYSISOFMULTIPATH
JITTER

J. J. Brandinger,etal., RCARev.,vol.22,
no.3, Sept.1961,p•487/507.

• . . determiningthetimestabilityofmulti-
pathjitter.... a summaryoffirst-order
statisticsispresented,followedbyadeter-
minationoftheautocorrelationandpower
spectraldensityfunctions. . . therelationof
multipathjitter totheperformanceofcommuni-
cationssystemisbrieflydiscussed.

THETRACKINGANTENNA--APROMISING
CONCEPTFORSCATTERCOMMUNICA-
TIONS

D. E. Johansen,Nat•Commun.Symp•Rec.,
vol.7, Oct.1961,p. 134/149.

ERRORPROBABILITIESFORDATATRANS-
MISSIONOVERFADINGRADIOPATHS

B. B. Barrow,SHAPEAir DefenseTechnical
Center,TheHague(Netherlands},Feb.1962,
148p. incl.illus., tables,refs., SADTC
Technicalmemo.no.TM-26,AD273846.

• . • Themodelsusedaremostappropriate
forscatterpropagation.... Variousmethods
ofkeyingareconsidered,withparticular
emphasisonfrequency-shiftkeying.

A COMPARATIVESTUDYOFTHECORRELA-
TIONOFSEASONALANDDIURNALCYCLES
OFTRANSHORIZONRADIOTRANSMISSION
LOSSANDSURFACEREFRACTIVITY

B.R. Bean,J. Res.Nat.Bur•Stand.,vol.
66D,no•5, Sept.-Oct.1962,p. 593/599.

EFFECTSOFAMPLITUDEANDPHASE
FLUCTUATIONSONTHEPERFORMANCE
OFDIGITALDATASYSTEMSIN FADING
FDM-FMANDFDM-SSBSYSTEMS

H. D. Becker,Rec.Nat•Commun.Symp.,
vol. 8, no.10,Oct.1962,p. 93/100.

• . . Emphasisisplacedonthetheoretical
performanceof differentiallycoherentphase-
shiftkeyed(DCPSK)systemsinwhichDCPSK
datais transmittedonsubcarriersovera
frequency-divisionmultiplexsingle-sideband
(FDM-SSB)oranFDM-FMtransmissionsys-
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tem, such as employed in typical tropospheric
scatter links ....

COORDINATING ANTENNA PERFORMANCE

OF COMMUNICATION CIRCUIT REQUIRE-
MENTS

S. Perlman, Conf. Proc. Nat. Cony. Mil.

Electronics, vol. 6, June 1962, p. 179/183.

• . . for HF signals beyond the horizon, com-

plex changes in propagation phenomena affect in

particular, the vertical (elevation) angle of the

ray path with the passing hours of the day,

season, and portion of the sun-spot cycle• More
than one mode of Arrival" studies . . . for a

particular point-to-point circuit over the period

of a sun-spot cycle. The results have been used

in selecting the performance requirements of the

antennas when the frequency assignments are
known ....

LINK EVALUATION AND TAPE MERGING

COMPUTER PROGRAMS

B. M. Sifford, Stanford Research Inst., Menlo

Park, Calif., Final rept., Dec. 1962, 60 p.,
Rept. no. TR7, AD 434 833.

• . . computer program designed to predict

the performance of communication networks using

HF, ionospheric scatter, and tropospheric scatter

propagation modes• The present report outlines
the models and procedures used to write a com-

puter routine to convert signal-to-noise pre-

dictions into a teletype character error rate for a
channel and to estimate the useable number of

teletype channels the circuit can support• The

conversion considers such circuit parameters as

teletype speed, teletype code, diversity reception,
modulation and detection techniques.

ON OPTIMAL DIVERSITY RECEPTION, II

G. L. Turin, IRE Trans. Commun. Systems, vol.

CS-10, no. 1, March 1962, p. 22/32.

• . . Since the optimal receiver may be difficult

to implement, a more easily implemented "square-

low combining" receiver is . . . considered, and

it is shown that for all practical purposes this

simpler receiver behaves optimally ....

CHARACTERIZATION OF RANDOMLY TIME-

VARIANT LINEAR CHANNELS

P. A. Bello, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 360/393•

• . . considering three classes of practically

interesting channels• These are the wide-sense

stationary (WSS) channel, the uncorrelated

scattering (US) channel, and the wide-sense sta-

tionary uncorrelated scattering (WSSUS) channel•

• . . All real-life channels and signals have an

essentially finite number of degrees of freedom
due to restrictions on time duration and band-

width• This fact may be used to derive useful
canonical channel models . . .
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STUDY AND INVESTIGATION OF POLARIZA-

TION PROGRAMMING. VOLUME II.

POLARIZATION SYSTEMS ANALYSIS

R. S• Berkowitz, et al•, Moore School of Elec-

trical Engineering, U. of Pennsylvania,

Philadelphia, Jan. 1964, 74 p., Rept. no.

64 02, RADC TDR 63 396, col. 2, AD 430 249.

• . • The troposcatter propagation factors

affecting a polarization programming system are

presented .... Two appendices discuss a sta-

tistical model of a fading channel and a specific

system incorporating one of the given design

philosphies, respectively. The application of

polarization programming to an over-the-horizon

troposcatter link seems to be feasible, it should

lie in the range of 1 to 10 kilomegacycles per
second•

STUDY AND INVESTIGATION OF POLARIZA-

TION PROGRAMMING

R. S. Berkowitz, et al., Moore School of Elec-

trical Engineering, U. of Penn., Philadelphia,

Interim rept•, Rept. no. 64 08, 2, RADC

TDR 63 542, AD 431 882.

. • . construction of a statistical model of the

propagation medium consistent with our knowledge

of scatter propagation characteristics that can be

used as the basis of system design. Such a

channel model incorporating random fading sta-

tistics has been set up.

ON THE STABILITY ANALYSIS OF A TWO-

WAY CONTROLLED CARRIER TRANS-

MISSION SYSTEM

N. J. Bershad, Air Force Cambridge Research

Labs., Bedford, Mass., Data Sciences Lab.,

Dec. 1963, 16p., refs., AFCRL-63-586;
AD 428 435, N64-16803.

A mathematical model of a linear controlled-

carrier tropospheric communication system is

analyzed for tropospheric gain variations with

a white-noise power spectral density. The

stability of the first moment of the impulse

response of the closed-loop control system is
determined as a function of the linear controllers

and the statistical characteristics of the tropo-

sphere.

ERROR PROBABILITIES FOR RICIAN FADING

MULTICHANNEL RECEPTION OF BINARY

AND N-ARY SIGNALS

W. C. Lindscy, Jet Propulsion I,ab., Calif.

Inst. of Tech., Pasadena, June 3, 1963, 24 p.,

26 refs., NASA CR-51853, JPL Tcch. Rept.

32-450, N63-22895.

• . . derived for two different forms of multi-

receivers (the coherent and noncoherent), which

are used with binary and N-ary signaling through

the Rician fading multich,annel . . .
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MICROWAVE RADIO RELAY. IONOSPHERIC

TRANSMISSION MODELS. TASK 5.

CORRELATION BETWEEN TRANSMISSION

PARAMETERS OF DISPERSIVE CIRCUITS
AND SYSTEM PERFORMANCE FOR APPLI-

CATION TO ADAPTIVE COMMUNICATIONS

SYSTEMS

M. Masonson, et al., RCA Defense Electronic

Products, New York, Final rept., 28 March-

30 Sept. 1963, 30 Sept. 1963, 256 p., Rept.

no. CR 63 419 12, AD 436 390.

The performance of PSK and FSK data systems

was determined over dispersive, randomizing

transmission circuits. The principal objective is

to develop suitable models, or concepts of trans-

mission, via HF ionospheric links, on which to

base predictions of performance given the ex-

pected channel conditions.

THE APERTURE-TO-MEDIUM COUPLING

LOSS IN TROPOSPHERIC SCATTER

SYSTEMS (Correspondence)

C• A. Parry, Proc. IEEE, vol• 51, no. 6,

June 1963, p. 933/934.

In recent analysis it was pointed out that a pre-

dictable relationship may exist between the band-

width and intermodulation noise in FM tropospheric

scatter links. On this basis, it was postulated

that high-quality wide-band transmission may be

feasible, provided that the antenna beamwidth is

sufficiently narrow• This possibility raises the

question of the so-called aperture-to-medium

coupling loss . . .

STUDY OF FINE GRAIN FADING AND PHASE

STABILITY OF MULTIPLE CW SIGNALS

G. C. Porter, et al., General Dynamics/Elec-

tronics, Rochester, N. Y., Interim technical

rept•, 1 Jan. 1961-Aug. 1962, March 1963,

1 v., Rept. no. 3, AD 400 714.

SCATTER COMMUNICATION MODELS FOR

SPACE VEHICLES

R. A. Scholtz,University of Southern Calif.,

Engineering Center, Los Angeles, Jan. 1964,

38 p•, Rept. no. 104, AD 433 717.

• . . Multipath communications are charac-

terized by imperfect knowledge of signal wave-

forms when they arrive at a receiver. Under the

assumption that this signal waveform is a sample

function of a Gaussian random process, a pulse-

amplitude-modulation communication system is

designed. Optimum receiver data processing and

optimum message encoding procedures are de-

rived as a function of the signal and additive noise

statistics. When the mean of the pulse signal

waveform at the receiver is zero, the optimum

code is orthogonal. On the other hand, when the

covariance function of the Gaussian signal

approaches zero, a regular simplex code pro-

vides optimum communications•
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• Related Publications:

DISTRIBUTION OF THE DURATION OF

FADES IN RADIO TRANSMISSION: Gaussian

Noise Model

S. O• Rice, Bell Syst. Tech. J., vol. 37, no. 3,

May 1958, p. 581/635.

THE SPEED OF TRANSMISSION OF INFOR-

MATION AND THE CARRYING CAPACITY

OF A MULTIPATH SYSTEM AND RECEP-

TION BY THE LINEAR OPERATOR

CONVERSION METHOD

I. A• Ovseyevich, et al., Radio Engrg., vol.

14, no. 3, 1959, p. 13/29.

POSITIVE REAL FUNCTIONS OF SEVERAL

VARIABLES AND THEIR APPLICATIONS

TO VARIABLE NETWORKS

H. Ozaki, et al., IRE Trans. Circuit Theory,

vol. CT-7, no. 3, Sept. 1960, p. 251/260.

SIGNAL PROCESSING IN RADAR ASTRONOMY,
COMMUNICATION VIA FLUCTUATING

MULTI PATH MEDIA

R. Price, et al., Lincoln Lab., MIT, Lexington,

6 Oct. 1960, AD 246 782.

• . . the results are equally applicable to

communication problems in which the propaga-

tion medium has significant multipath spread
and fluctuation rate.

THE OPTIMUM BIT LENGTH FOR HF DATA

TRANSMISSION

H. Fiege-Kollmann, Rec. Nat. Commun. Symp•,

vol. 8, no. 10, Oct. 1962, p. 108/115, 13 refs.

SIMULATION OF A FADING MEDIUM

R. Krulee, Rec• Nat. Commun. Symp., vol. 9,
Oct. 1963, p• 233/240.

Despite the extensive use of HF and scatter

techniques on long-haul circuits, surprisingly

little is yet understood about the actual per-

formance of such circuits during the deep fading
situations which limit the performance . . . In

1.662: Microwave Radio Relay Links

this paper a model that is consistent with ob-

served experimental data is developed for a

fading circuit. The instrumentation necessary

to allow laboratory simulation and testing under
exactly those conditions which are most critical

for satisfactory system design is discussed.

GENERALIZED FREQUENCY-RESPONSE CON-

CEPTS FOR TIME-VARYING DISCRETE-

TIME LINEAR SYSTEMS

A. W. Naylor, Institute of Science and Tech.,

U. of Michigan, Ann Arbor, Feb. 1963, 30 p.,

Rept. no. 4563-32-T, AD 297 536.

ON THE PREDICTION OF THE INHERENT

BANDWIDTH CAPABILITY OF THE TROPO-

SPHERIC SCATTER LINK

C. A. Parry, IEEE Internat. Cony. Rec., Pt. 8,

vol. ii, March 1963, p. 215/232, 27 refs.

• . . An approach is suggested using classical

equations relating echo phenomena to inter-

modulation, using a white noise modulation spec-

trum. Transmission constants for these equa-

tions are derived by an empirical process.

Formulas are then developed relating bandwidth,

intermodulation noise, path length, antenna

beamwidth, deviation and diversity.

ELECTRONIC EQUIPMENT INTERFERENCE

CHARACTERISTICS-COMMUNICATION TYPE

C. W. Stuckey, et al., Georgia Inst. of Tech.

Engineering Experiment Station, Atlanta,

Quarterly rept. no. 3, 15 Aug.-1 Nov. 1963,

15 Nov. 1963, 56 p., Rept. no. 24, AD 433 705.

The effects of multipath inteference on the

intelligibility of speech transmitted over an

FM system employing time division multi-

plexing are reported• Predicted intelligibility

measurements based on audio output S/N ratios

indicate that significant degradation in intelligi-

bility will exist for the FM/TDM system tested

when multipath signals of equal strength are

received over paths which differ in length by
as little as 0.15 mile ....

Included: Passive repeaters in radio relay links; Microwave line-of-sight links; Hertzian cables.

Not Included: Multiplex problems in RRL (2).

Cross References: Microwave propagation characteristics (1. 646); Terrain influences on wave

propagation (1. 635).

Principal Publications:

MULTIPATH PROPAGATION OF MICROWAVES

T. Omori, et al., Rep. Elec. Commun. Lab.,

vol. 6, Jan. 1958, p. 1/11.

SYNCHRONIZATION OF SINGLE-SIDEBAND

CARRIER SYSTEMS FOR HIGH-SPEED DATA

TRANSMISSION

T. Combellick, IRE Trans. Commun. Syst., vol.

CS-7, no. 2, June 1959, p. 110/114.

PROBABILITY DISTRIBUTION OF NOISE DUE

TO FADING ON MULTISECTION FM MICRO-
WAVE SYSTEMS

H. E. Curtis, IRE Trans. Commun. Syst., vol.

CS-7, no. 3, Sept. 1959, p. 161/167.

The probability distribution of expected base-

band noise during fading at the end of a multi-

section microwave radio system is an important

consideration in the engineering of a long

system ....
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INFLUENCE OF AN ATMOSPHERIC DUCT ON

MICROWAVE FADING

F. Ikegami, IRE Trans. Antennas Propagation,

vol. AP-7, no. 3, July 1959, p. 252/257.

FADING OF MICROWAVE RELAY LINKS (In

Japanese)

K. Morita, J. Inst. Elect. Commun. Engrs.,

vol• 42, no. 10, Oct. 1959, p. 923/929•

THE STATISTICAL DISTRIBUTION OF THE

DEPTH OF FADINGS ON SECTIONS IN

RADIO RELAY SYSTEMS

A. I. Kalinin, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 6, 1960, p. 1/11•

Expressions are given for integral curves to

plot the distribution of the depth of fadings on

intervals of radio-relay lines under the normal

law governing the distribution of the active

vertical gradient of the air's dielectric per-

mittivity, together with limiting expressions for

the distribution curves. Examples of the inte-

gral curves for the distribution of the depth of

ladings are given ....

DATA TRANSMISSION TESTS, SERIES 3"
TRIALS OVER AN 800-Me RADIO LINK

M. L. Delahais, et al•, SHAPE Air Defense

Tech. Ctr., The Hague (Netherlands), Oct.

1961, 22 p., SADTC Tech. memo TM-17,
AD 266 839.

• . . at a speed of 1500 bauds using frequency-

shift keying as a modulation of four line-of-sight

sections plus two tails of unloaded cable . . .

Nearly 11 million transmission frames were
sent. Each frame consisted of 128 bits . . .

During the second part of the tests, one frame

error occurred, on the average, in every 3000

frames. This figure ignores line interruptions,

which were not numerous. The radio path was,

however, significantly affected by fading.

SOME FACTORS INFLUENCING 3 CM RADIO-

WAVE PROPAGATION OVERSEA WITHIN

AND BEYOND THE RADIO HORIZON

F. A. Kitchen, et al., Proc. Instn. Electr.

Engrs. Pt. B. (London), vol• 108, no. 39,

May 1961, p. 257/263.

• . . results of a number of short-term over-

sea measurements . . . from a 10 Gc/s trans-
mitter . . . It is shown that the variation of

signal level within the horizon was rarely that

expected for propagation through an atmosphere

having a uniform refractive-index gradient.

Signal losses of from 5 to 30 dB frequently
occurred well within the horizon, these losses

being recovered when the range between trans-

mitter and receiver was sufficiently reduced.

A well-defined interference pattern usually

occurred in the reg2on of reduced signal level.

• . . A direct relationship was found to exist

between the si_,mal level within the horizon and

that propagated well beyond the horizon into the

extra-diffraction region ....
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THEORETICAL STUDY OF THE BANDWIDTH

CAPABILITIES OF RADIO PROPAGATION

MEDIA

B. M. Fannin, Electrical Engineering Research

Lab., U. of Texas, Austin, 31 Aug• 1962,

41 p. incl. illus., 21 refs., Rept. no. 6-49,

AFCRL 62-584, AD 286 387.

The question of what limitations the atmosphere

may impose on the useful bandwidth for line-of-

sight propagation in the centimetric-millimetric

wavelength region was investigated .... definition
of a really suitable, unique parameter to be taken

as the bandwidth of a time-varying system ....

results nor the existing theories based on a

multiple-scatter mechanism furnish an adequate

base for performing bandwidth calculations.

EXPERIMENTAL STUDIES OF PROPAGATIONAL

CHARACTERS OF 8.6 MM WAVE ON THE

24 KM PATH

K. Ftmakawa, et al., J• Radio Res• Lab., vol. 9,

Sept. 1962, p. 351/367.

The experiments described were carried out

nearly all the year round, using a pulse magnetron

transmitter with a peak power of 30 kW ....
measurements determine the relation between

signal attenuation and rainfall rate. The results

obtained are shown graphically. Some measure-

ments were also made of field-intensity reduction

due to water vapour. When there was no rainfall

over the whole 24 km path, the received signal

level was normally steady, but sometimes severe

fading was observed. The fading range was larger

in summer than in winter, its maximum value

being 17.4 dB. It was usually large in the early

morning and at midnight, and small in the daytime.

In the winter experiments, correlation between the

fading range and the occurrence of temperature

inversion was markedly observable.

PROPAGATION INFLUENCES IN MICROWAVE

LINK OPERATION

M. W. Gough, J. Brit. Instn. Radio Engrs.,

vol. 24, no• 1, July 1962, p. 53/72, 33 refs.

• . . Basic characteristics of ground-to-

ground propagation in the frequency band 50-

10,000 mc/s are discussed, with emphasis on

the operation of point-to-point radio links ....

Ground reflections are shown to be a key factor

in the performance of very short wave radio

links and the influence of inhomogeneities in the

lower atmosphere is also stressed. It is pointed

out how statistical analysis of temporal and

spatial signal strength variations can often

reveal the nature of the propagation mechanism

at work, while at the same time pointing the way

to improvements in circuit reliability ....

MICROWAVE SYSTEM ENGINEERING USING

LARGE PASSIVE REFLECTORS

M. L. Norton, IRE Trans. Commun. Syst.,

vol. CS-10, no. 3, Sept. 1962, p. 304/311.

• . . Small passive reflectors of the "peri-

scope type" have been used for many years . . .
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Largepassivereflectorshave. . • beenused
buttoa . . ° lesserdegree.... Thispaper
describestheiruseinboththe"near"and"far
fields"inline-of-sightsystemsanddescribes
howtheymaybeusedonnon-line-of-sight
systems(troposphericscatteranddiffraction
systems).Formulasaredevelopedandgraphs
providedwhichwill enablethemicrowaveengineer
todeterminethepathlossofmultihoppassivere-
flectorsystems....
FAISCEAUXHERTZIENSTRANSHORIZONDE

FAIBLELONGUEUR(TranshorizonRadio
LinksofShortDistance)(In French)

J• Battesti, Ann. Telecomm•, vol. 18, no. 3-4,

March/April 1963, p. 72/77.

• . . A method to determine the path attenua-
tion of links which do not extend for more than

100 Km beyond line-of-sight ....

EXPERIMENTAL RESEARCH ON THE BEHAVIOR

OF PASSIVE REPEATERS

C. Colavito, et al., Proc. IEEE, vol. 51, no. 11,

Nov• 1963, p. 1423/1430.

• . . series of experimental tests . . . Em-

phasis has been given to the influence of propaga-

tion and the effects of the ground surrounding the

mirror . . . much use has been made of passive

repeaters in radio-links working on a 7000-Mc

band. Nearly one hundred have been installed in

Italy alone ....

A 6-GIGACYCLE PROPAGATION STUDY TO

EVALUATE SYSTEM ENGINEERING CON-

SIDEHATIONS IN TRAVERSING DIFFICULT
TERRAIN

L. T. Hearson, IEEE Trans. Commun. Elec-

tronics, no. 65, March 1963, p. 51/59•

The engineering of microwave systems traversing

extensive water surfaces and flat terrain has always

presented a challenging problem. The new and

more sophisticated 6-gc (gigacycle) equipments

present new and interesting variations to the prob-

1. 663: Ionospheric Scatter Channels

lem• The TH system . . • is such a system.

• . . to evaluate the particular factors in engi-

neering such a system across the Great Salt Lake
desert in Utah ....

MOP-UP EQUALIZER FOR AMPLITUDE AND
DELAY DISTORTION IN IF BAND FOR

6GC 1800 CHANNEL SYSTEM

T. Kawahashi, et al., IEEE Internat. Cony. Rec.,

Pt. 8, vol. 11, March 1963, p. 163/176.

• . . To accomplish high capacity radio trans-

mission, that is, a multi-channel radio relay

system capable of carrying 1800 telephone channels

• . . it has become necessary to equalize the 3rd

and 4th order distortion components of the amplitude-

frequency response in the IF stage, not to speak

about the residual delay distortion in the FM trans-

mission path•

In order to meet the said requirement . . . we

have developed two types of the IF mop-up equal-

izer: one is the amplitude equalizer . . . and the

other is the delay equalizer . . .

When operated as part of the IF stage of the

existing Tokyo-Osaka 6GC-1200 channel system,

these equalizers have proved to be effective

enough to convert the existing system into a

1800 channel system conforming to the CCIR
Recommendation . . .

Related Publications:

A METHOD OF I.F. SWITCHING FOR A

MICROWAVE DIVERSITY SYSTEM

D. R. Bester, J. Brit. Instn. Radio Engrs.,

vol. 24, no. 2, Aug. 1962, p. 171/179.

MULTIPLE ECHO DISTORTION IN FRE-

QUENCY-MODULATION, FREQUENCY-

DIVISION,--MULTIPLEX TRUNK RADIO

SYSTEMS

R. G. Medhurst, et al., IRE Trans. Commun.

Systems, vol. CS-10, no. 1, March 1962,

p. 61/71•

Included: Ionospheric forward scattering channels; VHF ionospheric scatter channels; VHF scatter

systems.

Not Included: Antennas for VHF scatter systems; Equipment problems; Adaptive communications

systems (2).

Cross References: Ionospheric forward scattering effects (1.632); Mathematical models of scatter

channels (1. 612).

Principal Publications:

THE ANGULAR DISTRIBUTION OF ENERGY

RECEIVED BY IONOSPHERIC FORWARD

SCATTERING AT VERY HIGH FREQUENCIES

W. C. Bain, Syrup. Long Dist. Prop. Above

30 mc, Jan. 1958, Paper No. 2487.

ENGINEERING STUDIES IN IONOSPHERIC

COMMUNICATION SYSTEMS

J. C. Blair, et al., Nat. Bur. Stands.,

Oct. 1958, p. 1/17.

AMPLITUDE OF VERY-HIGH-FREQUENCY
SIGNALS REFLECTED FROM THE

SPORADIC-E LAYER IN NORTH-WEST

EUROPE

P. J. Brice, Symp. Long Dist. Prop. Above

30 mc, Jan. 1958, 3 p., Paper No. 2514.
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A SCATTER-SIGNAL ANALYSER

P. H. Cutler, et al., Symp. Long Distance

Prop. above 30 mc, Jan. 1958, 5 p.,

Paper No. 2531.

SIMULTANEOUS VARIATION OF AMPLITUDE

AND PHASE OF GAUSSIAN NOISE, WITH
APPLICATIONS TO IONOSPHERIC FOR-

WARD-SCATTER SIGNALS

T. Hagfors, et al., Proe. Instn. Elect. Engrs.,

Pt. B, vol. 105, Nov. 1958, p. 555/559.

ANALYSIS OF GIBRALTAR-UNITED KING-

DOM IONOSPHERIC SCATTER SIGNAL

RECORDINGS

G. A. Isted, Symp. Long Dist. Prop. Above

30 mc, Jan. 1958, 9 p., Paper No. 2523.

RADIO INTERFERENCE AS A FACTOR IN

IONOSPHERIC SCATTER COMMUNI-

CATION

G. A. Istcd, Symp. Long. Dist. Prop.

Above 30 mc, Jan. 1958, 9 p., Paper
No. 2527.

ENGINEERING STUDIES IN VHF ION-

OSPHERIC SCATTERING PROJECTS 8780,

8781, 8785, 8786, 8787 (AACS)

R. C. Kirby, et al., National Bur. of Standards,

Boulder, Colo., Feb. 1958, 17 p., Quarterly

rept., 1 July- 31 Dec. 1957, (NBS rept. no.

5554), AD 221 489.

Modulation techniques

Frequency dependence

Construction of field units for propagation

measurements.

EXTREME USEFUL RANGE OF VHF TRANS-

MISSION BY SCATTERING FROM THE

LOWER IONOSPHERE

R. C. Kirby, IRE Nat. Conv. Ree., Pt. 1,
March 1958.

SURVEY OF THE GIBRALTAR-UNITED KING-

DOM IONOSPHERIC SCATTER MEASURE-
MENTS

F. A. Kitchen, et al., Syrup. Long Dist. Prop.

Above 30 Mc, Jan. 1958, 5 p., Paper No.
2519.

MODULATION STUDIES FOR VHF IONOSPHERIC
SCATTERING

J. W. Koch, Nat'l. Bureau of Standards, Boulder,

Colo., Aug. 1958, 35 p., (NBS rept. no. 5597),
AD 221 490.

The experiments carried out at approximately
50 Mc/s, were designed to determine the com-

munication capacity of ionospheric forward

scatter paths using prototype modulation tech-

niques for frequency-shift-keyed teletype, and

radiotelephone. Binary error rate studies were

made to determine required signal-to-noise
ratios for specified error rates.

THE STRUCTURE OF HIGH-FREQUENCY ION-

OSPHERIC SCATTER SIGNALS

328

D. Williams, Syrup. Long Dist. Prop. above

30 Mc, Jan. 1958, 8 p., Paper No. 2529.

PROJECT TEST RANGE TEST PROGRAM,

IONOSPHERIC-SCATTER AND METEORIC-

BURST EVALUATION

Page Commun., Aug. 1958, p. 1/28.

SOME CHARACTERISTICS OF PERSISTENT

VHF RADIOWAVE FIELD STRENGTHS

FAR BEYOND THE RADIO HORIZON

L.A. Ames, et al., Proc. IRE, vol. 47, May

1959, p. 769/777.

EVIDENCE FOR A 200-MEGACYCLES-PER-

SECOND IONOSPHERIC FORWARD-

SCATTER MODE ASSOCIATED WITH THE

EARTH'S MAGNETIC FIELD

J. L. Heritage, et al., J. Geophys. Res.,
vol. 64, Sept. 1959, p. 1235/1241.

REDUCTION OF DOPPLER-SHIFT ERRORS

IN IONOSPHERIC-SCATTER FSK COM-

MUNICATIONS

J. W. Koch, National Bureau of Standards,

Boulder, Colo., May 1959, 8 p., (NBS

rept. no. 6053), AD 232 739.

Meteoric Doppler frequency shifts of

signals propagated via ionospheric scattering
cause errors in narow-band FSK communi-

cations. A simple method of reducing the

Doppler-shift errors has been tried. The

principle of operation consists of locking out

the mark channel when a space signal is present.
The experimental results show a useful re-

duction in error rate when the Doppler lock-

out circuitry is used.

STUDY OF PHASE STABILITY FOR PHASE-

KEYING APPLICATIONS IN VHF

IONOSPHERIC-SCATTER COMMUNI-
CATIONS

J° W. Koch, Nat'l Bureau of Standards,

Boulder, Colo., April 1959, 15 p., NBS

rept. no. 6051, AD 232 738.

FACTORS AFFECTING MODULATION

TECHNIQUES FOR VHF SCATTER

SYSTEMS

J. W. Koch, IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 77/91.

OPTIMUM ANTENNA HEIGHT FOR

IONOSPHERIC SCATTER PROPA-

GATION

R. G° Merrill, Nat. Bureau of Standards,

Boulder, Colo., March 1959, 22 p.,

(NBS rept. no. 6047), AD 232 737.

CHARACTERISTICS OF CONTINUOUS VHF

IONOSPllERE SCATTER PROPAGATION

OF CONCERN IN THE DESIGN OF

RELIABLE LONG-DISTANCE COMMUNI-
CATIONS CIRCUITS

T. F. Rogers, Air Force Cambridge

Research Center, Bedford, Mass., March
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p,

1959, 64 p., (Rept. no• AFCRC TR-59-122),

AD 211 932.

velocity of the scatterers is found to be about 13
m/see ....

THE SUM OF LOG-NORMAL PROBABILITY

DISTRIBUTIONS IN SCATTER TRANS-

MISSION SYSTEMS

L. F. Fenton, IRE Trans. Commun. Syst.,

vol. CS-8, no. 1, March 1960, p. 37/67•

OPTIMUM ANTENNA HEIGHT FOR IONOSPHERIC

SCATTER COMMUNICATION

R. G. Merrill, IRE Trans. Commun. Syst.,

vol. CS-8, no. 1, March 1960, p. 14/19.

IONOSPHERIC DISPERSION EFFECTS ON VHF

PULSES

N. B. Miller, HRB-Singer, Inc., State College,

Pa., Final engineering rept., 14 Nov. 1960,
AD 250 187.

• . • VHF pulse distortion was analyzed by

calculating the shape of a pulse after transmis-

sion through the ionosphere• Calculations were

performed for the case of vertical incidence.

• . . The calculations were performed for initial

pulses of the same width but of several different

carrier frequencies and two bandwidths• For a

bandwidth of i. 6 Me, carrier frequencies of 30,

35, 40, and 50 Mc were used. For a bandwidth

of 6•4 Mc, carrier frequencies of 40, 60, 80,

and 100 Mc were used.

IONOSPHERIC SCATTER TRANSMISSION

Proe. IRE, vol. 48, no. 1, Jan. 1960, p. 5/29.

• . . general "State-of-the-Art" report ....

THE FADING OF RADIO WAVES REFLECTED

FROM THE IONOSPHERE AT OBLIQUE
INCIDENCE

O° Awe, J. Atmos. Terrest. Phys. (GB), vol. 21,

no. 2-3, June 1961, p. 120/141.

• . . studied by the use of pulse transmissions

on frequencies near 2 Mc/s. It is found that

echoes reflected from a height of about 90 KM

have a fading period of about 1 min. Echoes

from a greater height of about 120 km, which

usually appear only during or immediately after

magnetic disturbances, have a shorter fading
period of about 6 sec ....

THE FADING OF RADIO WAVES WEAKLY

SCATTERED AT VERTICAL INCIDENCE

FROM HEIGHTS NEAR 90 km.

O° Awe, J. Atmos. Terrest. Phys. (GB), vol. 21,

no. 2-3, June 1961, p. 142/156.

The fading of radio waves weakly scattered at

vertical incidence from heights near 90 km was
studied• Frequencies between 2 and 3 Mc/s were

used. The fading rate was found to be of the order

of 20 maxima/min, considerably faster than the

fading rate for echoes from the normal E-region

observed with the same frequency .... It is

shown that the fading is mainly due to random

movements of the scattering elements, rather
than a steady drift, and the root-mean-square

DIRECTIONAL OBSERVATIONS ON DELAYED

SIGNALS ON AN IONOSPHERIC FORWARD-

SCATTER CIRCUIT

W. C. Bain, Proc. Instn. Eleetr. Engrs. Pt.

B, (London), vol. 108, no. 39, May 1961,
p. 253/256.

• . . A studyof delayed signals reaching
Flough from a transmitter at Gibraltar on 37
Mc/s in the winter of 1956-57. The mean

bearing of the first signal to arrive after that
due to ionospheric forward-scatter was found

to vary between 250°and 290°during the day;

the spread of energy in bearing is also con-

sidered. It is shown that the radiation from

the transmitter aerial must be stronger to the
west than to the south. Results for the second

delayed signal are also given. Round-the-

world echoes were occasionally observed, but

these did not arrive from the direction of the

great circle containing Gibraltar and Slough.

STUDIES OF IONOSPHERIC FORWARD

SCATTERING USING MEASUREMENTS

OF ENERGY DISTRIBUTION IN

AZIMUTH

W. C. Bain, Proc. Instn. Elect. Engrs.

Pt. B, London, vol. 108, no. 39, May

1961, p. 241/252.

Measurements of phase and amplitude have

been carried out on signals on 37 Mc/s received

from a transmitter at Gibraltar. The receiving

sites were at Slough and Castlemartin, which

are each about 1740 km from Gibraltar, and

were equipped with pairs of aerials whose

spacing could be varied from k to 10 k. The

results were not consistent with the idea that

the forward-scattered signal was due to the

combination of many randomly-phased radio

waves• Frequently one signal appeared to be

dominant, as might be expected if reflections

from meteor trails formed an important part

of the resultant signal .... A comparison with

observations at Castlemartin in Wales suggests

that the scattering process is due almost entirely

to meteor reflections by night but that during the

day there is also present a component due to

turbulent scattering which contributes rather

more than half the total energy ....

THE RECEIVED-AMPLITUDE DISTRIBUTION

PRODUCED BY RADIO SOURCES OF

RANDOM OCCURRENCE AND PHASE

W. C. Bain, Proc. Instn. Elect. Engrs. Pt. C,

(London), vol. 108, no. 13, March 1961,

p. 20/24.

A theoretical calculation.., of the amplitude

probability distribution to be expected on an

ionospheric v. h. f. forward-scatter circuit due
to reflections from meteor trails alone. The

analysis is based on the addition of a large
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number of signals with a frequency of occur-

rence inversely proportional to the square of

their amplitude . . . a method is outlined for

deriving the relative proportion of meteoric and

turbulent-scattering components in the signal•

COMPUTATIONAL PROCEDURES FOR

DETERMINATION OF RECEIVED POWER
AND RELIABILITY OF IONOSPHERIC

SCATTER COMMUNICATION SYSTEMS

B. M. Sifford, Stanford Research Inst., Menlo

Park, Calif., Final technical no. 4, Aug.

1961, 53 p., incl. illus., tables, 16 refs.,
AD 291 176.

Prediction equations for the ionospheric

scatter mode of radio wave propagation are

formulated from the most consistent contempo-
rary theories and from the results of available

propagation experiments. The turbulent and

meteor mode components of the scatter signal
are considered separately .... used to write

a computer program from which the reliability
of ionospheric scatter communications links can

be predicted.

MEASUREMENT OF IONOSPHERIC PATHS AS

A TIME-VARYING NETWORK

A. E o Laemmel, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N° Y.,

Scientific rept. no. 2, 13 Dec. 1962, 7 p.,

(Research rept. no. PIBMRI-1102-62),
(AFCRL 63-14), AD 298 298.

A STUDY OF PttASE FADING OF IONOSPHERIC

REFLECTIONS

P. E. Monro, Austral. J. Phys., vol. 15, no.

3, Sept. 1962, p. 387/404.

Pulsed 2. 28 Mc/s radio waves were trans-

mitted and measurements were made on the

first-hop, vertically-incident reflections from

the ionosphere. A method of continuously re-

cording the changes of phase difference between

the signals at two aerials is described .... it

is shown that the quasi-periodic type of fading

can be explained in terms of two component rays

being reflected from two reflecting areas of the

ionosphere and interfering at the receiving
aerials• The horizontal separation of the two

regions is about 50 km in the case analysed•

IONOSPHERIC IRREGULARITIES DETECTABLE

IN V. H. F. IONOSPItERIC PROPAGATION

K. Tao, Rep. Ionosphere Space Res., vol. 16,

no. 2, June 1962, p. 275/278.

It is suggested that it may be possible to in-

vestigate the irregularities in the ionosphere

corresponding to D-scatter, sporadic-E, and F-

scatter signals from observations of v. h. f.

ionospheric propagation•

VIfF SCATTER COMMUNICATIONS: NEW
DESIGN CONCEPTS AND EXPERIMENTAL

RESULTS

S. Browne, et al., Shape Air Defense Technical

Center, the Hague (Netherlands), June 1963,

56 p., SADTC TM56, AD 417 330.

• . . tests• . . carried out by SADTC on an

ionoscatter telegraphy system set up over a
distance of 1000 km between Holland and

Southern France• The purpose of this

experimental circuit was to investigate Auto-

matic Request (ARQ) techniques and to assess

the advantages of multiple-diversity reception.

• • . conclusion.., that ionoscatter communi-

cation systems over distances up to 1000 km

do not necessarily require high transmission

power and costly antenna structures. With a

5 kW transmitter and simple Yagi antenna

arrays the specified system performance is

met for 99.9% on a four-channel telegraph
system•

IONOSPHERIC VHF SCATTERING NEAR THE

MAGNETIC EQUATOR DURING THE
INTERNATIONAL GEOPHYSICAL YEAR

R. Cohen, et al., Journal of Research,

Section D - Radio Propagation, vol. 67D,

Sept.--Oct. 1963, p. 459/480, 21 refs.,
A63-25321.

. . . The equatorial scatter signals were

usually stronger than their counterparts at

temperate latitudes. Scattering was observed

comparable to the D-region scatter propagation

familiar elsewhere, but usually the E-region

scatter predominated. Scattering via F-

region irregularities was observed at night-

time over a 2,580-km path centered about the

magnetic equator.

DISTORTION OF SIGNALS TRANSMITTED

THROUGH THE IONOSPHERE

R. L o Greenspan, MITRE Corp., Bedford,

Mass•, Aug. 1963, 23 p., Rept. no.

W5810, ESD TDR 63 289, AD 415 013.

• . . The effect of the ionosphere on

signal transmission is obtained by inversion

of a Fourier integral, and the relevance of

group velocity, signal velocity, and time

delay concepts is examined. The disper-

sions decreases the output signal of a

typical UHF correlation receiver by less

than 3 db for normal ionospheric con-
ditions•

(No Title)

H. R. Machin, (editor), Central Radio

Propagation Lab., National Bureau of

Standards, Boulder, Colo., Quarterly

progress rept. no. 7, Jan.- March 1963,

March 1963, 116 p., NBS Rept. no. 7694,
AD 419 303.

• . . In the modulation research program an

analysis has been made of ionospheric-scatter

transmissions using a voice signal to frequency-
modulate the transmitter with maximum deviations
of 1, 3, 5, and 15 kc/s ....
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AN EXPERIMENTAL AIRBORNE 50-MC

IONOSPHERIC SCATTER COMMUNICATION
CIRCUIT

A. S. Orange, IEEE Trans. Commun. Syst.,

vol. CS-ll, no. 1, March 1963, p. 124/137.

VHF air-ground-air teletype communications

by ionospheric scatter propagation have been

shown to be feasible• Field strength measure-

ments and band error data were obtained over a

1500 statute mile flight path across the auroral

zone .... No degradation of system perform-

ance during periods of intense magnetic disturb-

ances was observed • . . System performance

was evaluated using three orders of frequency

diversity and up to six orders of space diversity.

Successful teletype operation requires at least

two orders of diversity to overcome the severe

rapid fading inherent in ionospheric scatter

propagation ....

Related Publications:

HIGH GAIN, LOW SIDE-LOBE VHF ANTENNA
FOR IONOSPHERIC SCATTER COMMUNI-

CATION REQUIREMENTS AT "RICE CAKE"

A. C. Wilson, et al., Nat. Bur. Stands., Dec.

1958, p. 1/15.

ON THE DESIGN OF A HIGHLY RELIABLE HF

DIGITAL COMMUNICATION SYSTEM.

PROBLEMS, DESIGN PROCEDURES AND
THE DESCRIPTION OF A PROPOSED

DESIGN

K. Otten, National Cash Register Co., Dayton,

Ohio, Oct. 1961, 38 p., Rept. 3-4S, AD 269
891.

STUDY OF HF FREQUENCIES FOR EXO- AND

ENDO-IONOSPHERIC COMMUNICATIONS

M. D. Grossi, et al., Raytheon Co., Bedford,

Mass., Interim rept. no. 1, 28 March-28

June 1962, 12 July 1962, 66 p., incl. illus.,

tables, 23 refs., (Rept. no. BR-1855),
AD 278 296.

• • . searching for wave-guidance modes in the

upper ionosphere, across the F2 layer, and below
it...

H-F PROPAGATION SIMULATION

R. Mather, et al., Rome Air Development Center,

Griffiss Air Force Base, N. Y., Nov. 1962,

21 p., incl. 6 refs., (Rept. no. RADC TDR

62-473), AD 288 924.

INFORMATION CAPACITY OF FADING

CHANNELS UNDER CONDITIONS OF

INTENSE INTERFERENCE

J. P. Costas, Proc. IEEE, vol. 51, no. 3,

March 1963, p. 451/461.

ON THE THEORY OF RADIO COMMUNICA-

TION CHANNELS WITH RANDOMLY

VARYING PARAMETERS

V. I. Siforov, IN: RADIO WAVES AND

CIRCUITS; Proceedings of Commission

VI on Radio Waves and Circuits during the

XHIth General Assembly of URSI, London,

Sept. 1960, Edited by Samuel Silver, New

York, Elsevier Publishing Co.. 1963, p.

164/194., 11 refs., A64-10832_

• . . classified into type I and type II with
respect to their capacity at a low additive noise

level. The concepts of self capacity and

conditional capacity for a channel are introduced.

It is proved that the capacity drops by not more

than 17% for slow random variations in the para-

meters of a multi-path channel for any signal-
to-noise ratio ....

TRANSEQUATORIAL F-LAYER PROPAGATION
STUDY

C. L. Washburn, et al., ITT Federal Labs.,

Nutley, N. J., Final rept., July- Oct. 1962,

14 June 1963, iv., RADC TDR63 178, AD
411 242.

• . . transequatorial F-layer propagation (TEF)

in the 30 Me to 100 Mc frequency range...
characteristics of one-way transmission in the

Western Hemisphere during July to October 1962.

1.664: Tropospheric Scatter Channels

Included: UHF scatter systems; Digital transmission over troposcatter circuits.

Not Included: Equipment descriptions; Multiplex systems (2).

Cross References: Mathematical models of scatter channels (1. 612); Knife edge communications

links (1. 635); Tropospheric propagation characteristics (1. 634); UHF propagation characteristics
(1. 645).

Principal Publications:

A STUDY OF 468-MEGACYCLE TROP-

OSPHERIC SCATTER PROPAGATION OVER
A 289-MILE PATH

J. B. Atwood, et al., RCA Rev., vol. 19, no.

3, Sept. 1958, p. 321/333.
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Daytime field-strength recordings . . .

path from Covey Hill, P. Q., Canada to River-

head, New York during the period September
1955 to December 1956 .... to determine the

path loss and its seasonal variations ....

The typical fast fading rate over this scatter

path was on the order of 30 fades per minute
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and the slow fading rate was on the order of

5 fades per minute ....

PREDICTING THE PERFORMANCE OF LONG

DISTANCE TROPOSPHERIC COMMUNICA-

TION CIRCUITS

A. P. Barsis, et al., Nat. Bur. Stand., Dec.

1958, 26 p., AD 210 359.

TROPOSPHERIC PROPAGATION STUDY

T. R. Carr, et al., Naval Air Missile Test

Center, California, 1958, 54 p., Tech.

Memo. no. 112, AD 200 406.

MEASUREMENTS OF THE BANDWIDTH OF

RADIO WAVES PROPAGATED BY THE

TROPOSPHERE BEYOND THE HORIZON

J. H. Chisholm, et al., IRE Trans. Antennas

Propagation, vol. AP-6, Oct. 1958, p.
377/378.

INVESTIGATION OF LONG-DISTANCE OVER-

WATER TROPOSPHERIC PROPAGATION

AT 400 MC

H. E. Dinger, et al., Proc. IRE, vol. 46,

July 1958, p. 1401/1410.

DIURNAL INFLUENCES IN TROPOSPHERIC
PROPAGATION

M. W. Gough, Marconi Review, vol. 21,

1958, p. 198/212.

LIGHTNING ENHANCEMENT OF A VHF

TROPOSPHERIC SCATTER SIGNAL

C. R. Graf, Proc. IRE, vol. 46, May 1958,

p. 915.

TROPOSPHERIC SCATTER COMMUNICATION

G. L. Grisdale, Electronic Engr., vol. 30,

May 1958, p. 272/275.

DEPENDENCE OF THE MAXIMUM RANGE OF

TROPOSPHERIC SCATTER COMMUNICA-

TIONS ON ANTENNA AND RECEIVER NOISE

TEMPERATURES

A. H. Hausman, IRE Trans. Commun. Syst.,

vol. CS-6, Dec. 1958, p. 35/38.

SOME MICROWAVE PROPAGATION EXPE-

RIENCES FROM A "JUST-BELOW-HORI-

ZON" PATH

B. Josephson, et al., IRE Trans. Antennas

Propagation, vol AP-6, April 1958, p.
176/178.

DISTANCE DEPENDENCE, FADING CHARAC-
TERISTICS AND PULSE DISTORTION OF

3000-MC TRANS-HORIZON SIGNALS

B. Josephson, et al., IRE Trans. Antennas

Propagation, vol. AP-6, April 1958, p.
173/175.

TRANSMISSION OF DIGITAL DATA OVER

MULTIttOP TROPOSPttERIC SCATTER

CIRCUITS

C. N. Lawrence, IRE Nat. Cony. Rec., vol.

3, March 1958, p. 292/297.
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THE STEWARD AIR FORCE BASE TO NORTH

TRURO TROPOSPHERIC-SCATTER COM-

MUNICATION SYSTEM

G. L. Mellen, et al., MIT, Lincoln Lab.,

July 1958, AD 133 863.

DESIGN OF "POINT-TO-POINT UHF COMMU-

NICATION SYSTEMS FOR 400 TO 600 MILES

PATHS"

W. E. Morrow, Jr., Proc. Nat. Aerospace

and Navig. Electronics Conf., May 1958,

p. 106/113.

DESIGN OF TROPOSPHERIC-SCATTER MULTI-

CHANNEL TELEPHONE LINKS

B. Peroni, et al., Note Recensioni Notiz, vol.

7, March - April 1958, p. 147/180.

PROPAGATION MEASUREMENTS AT 858 MC

OVER PATHS UP TO 585 KM

G. C. Rider, Marconi Review, vol. 21, 1958,

p. 184/197.

REPORT URSI COMMISSION II - TROP-

OSPHERIC RADIO PROPAGATION

J. B. Smyth, Proc. IRE, vol. 46, July 1958,

p. 1358/1362.

TROPOSPHERIC SCATTER PATH LOSS

TESTS, FLORIDA-BAHAMAS

K. P. Stiles, Rec. Nat. Symp. Ext. Range

and Space Commun. Washington, D. C.,

Oct. 1958, p. 75/78.

TRANSPORTABLE TROPOSPHERIC

SCATTER COMMUNICATION SYSTEMS

A. J. Svien, et al., IRE Nat. Cony. Record,

pt. 8, vol. 6, 1958, p. 284/290.

TROPOSPHERIC SCATTER SYSTEM

EVA LUA TION

M. Telford, J. Brit. Instn. Radio Engrs.,

vol. 18, Sept. 1958, p. 511/523.

A RAPID BEAM-SWINGING EXPERIMENT IN

TRANSHORIZON PROPAGATION

A. T. Waterman, IRE Trans. Antennas Pro-

pagation, vol. AP-6, Oct. 1958, p. 338/340.

TROPOSPHERIC SCATTER TESTS IN

GREAT BRITAIN

A. J. Wheeldon, Brit. Commun. Electronics,

vol. 5, June 1958, p. 428/431.

NEW CONCEPTS IN THE STATISTICAL

STUDY OF TROPOSPHERIC SCATTER PRO-

PAGATION DATA

L. P. Yeh, IRE WESCON Cony. Rec., no. 1,

1958, p. 104/122.

BASIC ANALYSIS ON CONTROLLED CARRIER

OPERATION OF TROPOSPHERIC SCATTER

COMMUNICATION SYSTEMS

L. P. Yeh, IRE Nat. Cony. Rec., vol. 6, pt.

8, March 1958, p. 261/283.
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TROPO-SCATTER DESIGN CHARTS

L. P. Yeh, Electronics, vol. 31, Jan. 1958,

p• 91/93.

OPERATIONAL EVALUATION OF TROPO-

SPHERIC SCATTER TECHNIQUES

Collins Radio Co., Cedar Rapids, Iowa,

Interim Engrg. Rept. Covering the period

5 July 1955 to 1 Jan. 1958.

TROPOSPHERIC SCATTER PROPAGATION

STUDY

L. G. Abraham, Jr•, et al•, General Electric

Co., Syracuse, N. Y., Oct. 1959, 129p.,

Final Rept., (AFCRC TR-59-353),
AD 232 924.

Content s:

Long-term signal magnitude observations
and basic instrumentation

Time lapsed picture and midpoint observation

Correlation of meteorological parameters

with hourly median values of the received

signal

Fading spectra

The distribution of signal amplitude over
short records

Airplane doppler patterns

Effective bandwidth experiments

THE USE OF MEASUREMENTS IN PREDICTING

THE PERFORMANCE OF TROPOSPHERIC

COMMUNICATION CIRCUITS

A• P• Barsis, et al•, National Bureau of

Standards, Boulder, Colo., Feb. 1959,

(NBS rept. no. 6043), AD 217 791.

The uncertainty in predicting the perform-

ance of tropospheric communication circuits

may be expressed by a variance. A log-normal
distribution of the differences between calcu-

lated and measure values of field strength or
basic transmission loss must be assumed if

a number of paths with identical geometrical

and other prediction parameters are considered.

(See also AD 210 359).

WAVELENGTH DEPENDENCE IN THANS-

HORIZON PROPAGATION

R. Bolgiano, Jr., Proc. IRE, vol. 47, Feb.

1959, p. 331/332.

ON THE QUESTION OF MULTIPLE SCATTER-

ING IN THE TROPOSPHERE

D. S. Bugnolo, Columbia U. School of Engi-

neering, New York, Nov. 1959, 16 p.,

Technical report no. T-4/D, AD 203 877.

• . . the question to be answered is: What is

the probability that any ray of the incident field
will be scattered at least twice in a distance R?

SUCCESSFUL VHF COMMUNICATIONS FOR

2540 MILES AT 144 MC AND 222 MC

J. T• Chambers, Paper form IRE-URSI Joint

Meeting - Oct. 19-21, 1959, San Diego,
Calif.
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ANGULAR DIVERSITY RECEPTION AT 2290

MC OVER A 188-MILE PATH

J. H. Chisholm, et al., IRE Trans. Commun.

Syst., vol. CS-7, no. 3, Sept. 1959, p.

195/201.

• . . over the 188-mile Round Hill - Craw-

fords Hill path . . . to determine the feasibility

of using angular diversity reception in a trop-

ospheric scatter system. Using a 28-foot re-

flector, two beams were produced with two

separate feed systems• The correlation of the

signals received on one of the two beams with
that received or the other was determined for

various spacing of the beams, as well as for the

azimuthal position of the antenna ....
STUDIES IN TROPOSPHERIC PROPAGATION

BEYOND THE HORIZON

A. B. Crawford, et al., Bell Syst. Tech. J.,

vel. 38, no. 5, Sept. 1959, p. 1067/1178.

• . . extended series of experiments in be-

yond-the-horizon propagation on a 171-mile

overland path using 460 and 4110 mc ....

effect of antenna size on signal level and fading

characteristics, wavelength dependence, sea-

sonal and diurnal effects, a new form of diver-

sity reception, the bandwidth capability of the
medium.

A 215-MILE 2720-MC RADIO LINK

L. H. Doherty, et al., IRE Trans. Antennas

Propagation, vol. AP-7, April 1959,

p. 117/126.

The link was operated for a period of

twenty months. The yearly median signal level

was 79 db below free space with a seasonal

variation between 12 and 14 db in the hourly

medians. The purpose of the link was to deter-

mine some of the paramenters involved in the
transmission of radio waves at a microwave

frequency to distances far beyond the horizon•

No attempt was made to transmit information

over the link.

SHORT-TIME STATISTICS OF TROPO-

SPHERIC RADIO WAVE PROPAGATION

R. G. Finney, Proc. IRE, vol. 47, Jan. 1959,
p. 84/85.

AN INVESTIGATION OF THE PERTURBA-

TIONS OF THE CARRIER FREQUENCY ON
AN OVER-THE-HORIZON TROPOSPHERIC

LINK

S. J. Goodman, et al., Paper from IRE-URSI

Joint, Meeting- Oct. 19-21, 1959, San

Diego, Calif.

REFRACTIVE INDEX OF THE ATMOSPHERE

AS A FACTOR IN TROPOSPHERIC PRO-

PAGATION FAR BEYOND THE HORIZON

R. E. Gray, Elect• Commun. vol. 36, no. 1,

1959, p. 60/69.

APPARENT CORRELATION BETWEEN TRO-

POPAUSE HEIGHT AND LONG-DISTANCE

TRANSMISSION LOSS AT 490 MC



1.664

D. R. Hay, Proc. IRE, vol. 47, June 1959,

p. 1144/1145.

• . . over a 640 mile path, UHF transmis-

sions.
A STUDY OF SIGNAL FADING-RATE IN 500

MC/S SCATTER TRANSMISSIONS

D. R. Hay, et al., Defence Research Tele-

eommun. Establishment, Canada, June 1959,

15 p.,DRTE Rept. no. 1013, Encl. no. 6
to Air Attache, Otawa Rept. No. TL97-59,

AD 219 530.

The signal fading-rate in 500 Mc/s trans-
missions over an 85 mile path near Ottawa

has been studied for two years.

FACTORS AFFECTING MODULATION

TECHNIQUES FOR VHF SCATTER SYSTEMS

J. W. Koch, IRE Trans. Commun. Syst., vol.

CS-7, no. 2, June 1959, p• 77/91.

SYSTEM LOSS IN RADIO WAVE PROPAGATION

K. A. Norton, J. Res. Nat. Bur. Stands.,

vol. 63D, July, Aug. 1959, p• 53/73.

• . . Examples are given which include cal-

culations of losses for tropospheric forward

scatter and ground-wave propagation, together

with an analysis of the variation of path antenna

gain with time in ionospheric scatter propaga-
tion. For a note on a C. C.I.R. recommendation

relating to transmission loss, see Proc IRE,

vol. 47, p. 1661/1662, Sept. 1959.

A FORMALIZED PROCEDURE FOR TttE PRE-

DICTION AND ANALYSIS OF MULTI-CHAN-

NEL TROPOSPttERIC SCATTER CIRCUITS

C. A Parry, IRE Trans. Commun. Syst.,

vol. CS-7, no. 3, Sept. 1959, p. 211/221.

In order to evaluate the potentialities of the
scatter link and to minimize the financial risk

involved ill its implemantation, examination of

many combinations of path, sites, and system

configurations is desirable .... A step-by-

step process . . . site evaluation ....

_nedian path loss . . . traffic loading, instan-

taneous fading, SNR, error rates, bandwidth

and power. A performance index for path eval-

uation is used so that an optimum path-site com-

bination may be selected ....

TIlE ULTIMATE LONG ttAUL CAPABILITY

OF TltE TROPOSPItERIC SCATTER MECH-

ANISM

C. A. Parry, Conf. Proc• Nat. Cony. Mil.

Electronics, vol. 3, June 1959, p. 121/127.

Prodecures for the prediction of tropospheric

scatter circuits are now sufficiently accurate

for an estimation of the message circuit capa-

bility of long spans, ill CXCCSS of about 500

miles. 'Capability' is established by an equation

of 2 terms. One of thcsc is determined bythc

state of the art, and the other - refercd to as

an Index of Capability, - by the medium ....
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EXPERIMENTAL INVESTIGATION OF THE

LONG RANGE TROPOSPHERIC PROPAGA-

TION OF ULTRA-SHORT WAVES IN DOUBLE

RECEPTION CONDITIONS

A. V. Prosin, et al., Radio Engrg., vol. 14,

no. 10, 1959, p. 1/18.

An account is given of the results of an ex-

periment conducted at a frequency of 3000 Mc/s

and over a route 275 km in extent. The signals

were received simultaneously by two antennas
located in a direction normal to the route•

INVESTIGATION OF THE CHARACTER OF

RAPIDLY FADING RADIO SIGNALS ALONG

A TRANSMISSION PATH OF MEDIUM

LENGTH ABOVE THE EARTH'S SURFACE

(In Russian)

A. A. Semenov, et al., Radiotekhnika i Elek-

tronika, vol. 4, Feb. 1959, p. 187/194.

THE FILLING IN OF AN ANTENNA NULL BY

OFF-PATH SCATTERING ON A TROP-

OSPHERIC SCATTER CIRCUIT

H. Staras, IRE Trans. Antennas Propagation,

vol. AP-7, no. 3, July 1959, p• 277/279•

• . . Antenna-to-Medium Coupling loss . . .

is not significant unless the beamwidth of the

antenna becomes equal to or less than the angu-

lar width of the scatter volume as seen from the

antenna. An inverse phenomenon occurs if one

tries to design an antenna null to protect a

given location beyond the horizon . . . This

paper outlines the analysis used in evaluating

the "filling in" of the antenna null by off-path

scattering and presents curves which should

prove useful in obtaining quantitative estimates.

TROPOSPHERIC SCATTER PATH LOSS

TESTS--FLORIDA BAHAMAS

K. P. Stiles, IRE Trans. Commun. Syst., vol.

CS-7, no. 3, Sept. 1959, p. 205/208.

Telephone service between the United

States and the Bahama Islands is now provided

by measn of high-frequency radio systems

working in the 2-7 mc range .... The fact

that the present Miami-Havana tropospheric

scatter system is performing so well . . .

made this type of system very attractive ....

tubes callable of high output levels at frequencies

above 2000 mc have been developed . . . Path

loss tests were made over a nine-week period

on the Florida-Nassau path using a frequency

of 1970 mc .... The Nassau tests indicated

that a satisfactory 60-channel radio system

could be provided through use of 10-kw trans-

mitters and 30-foot parabolic antennas ....

TROPOSPIIERIC SCATTER PROPAGATION

CtlARA CTERISTICS

A. J. Svien, et al., IRE Nat. Cony. Rec. , pt.

1, vol. 7, 1959, p. 3/9.

TROI)OSI)IIFRIC PATII LOSS IN TIlE ARCTIC

OVER tIIGII-ALTITUDE PATItS

A t E. Tcachman, Paper from IRE-URSI Joint

Meeting - Oct. 19-21, 1959, San Diego,
Calif.



TROPOSPHERICSCATTERSYSTEMUSING
ANGLEDIVERSITY

J. H. Vogelman,etal., Proc.IRE,vol.47,
May1959,p. 688/696.

SELECTIVEFADINGEFFECTSONUHFTROP-
OSPHERICSCATTERPATHS(Correspond-
ence)

H. J. yonBaeyer,Proc.IRE,vol.47,Nov.
1959,p. 2021/2022.

MEASUREDDISTRIBUTIONOFTHEDURA-
TIONOFFADESINTROPOSPHERIC
SCATTERTRANSMISSIONS

K. F. Wright,etal., PaperfromIRE-URSI
Joint Meeting-Oct.19-21,1959,San
Diego,Calif.

SHFANGULARDIVERSITYSTUDYPROGRAM
PhilcoCorp.,Philadelphia,Pa.,Nov.1959,

Iv, Finalrept., (RADCTR60-30)AD234
425.

Angulardiversitymeasurementsat7630
Mcpsovera247effective-miletropospheric
pathshowthatdiversityimprovementscompar-
abletotheoreticalonesareavailable;that
elevationsquintis superiortoazimuthsquint
forthesystemtested;andthatessentiallyun-
correlatedsignalsarereceivedbyaparaboloi-
dalantennawithtwinfeedhornswhosebeam
separationis onebeamwidth....

TROPOSPHERICPROPAGATIONOFVHF
J. M.Dixon,Proc.Instn.RadioEngrs.,

Australia,vol.21,June1960,p. 398/406.
MEASUREDSTATISTICALCHARACTERISTICS

ANDNARROW-BANDTELETYPEMESSAGE
ERRORSONASINGLE-SIDEBAND600-MILE
LONGULTRAHIGH-FREQUENCYTROP-
OSPHERICRADIOLINK

E.F. Florman,etal., J. Res.Nat.Bur.
Stand.,vol. 64D,no.2, March,April1960,
p. 125/133.

PROPAGATIONMEASUREMENTSAT3480AND
9640MC/SBEYONDTHERADIOHORIZON

G.V. Geiger,etal., Proc.Instn.Elect•Engrs.
PartB (London),vol•107,no.36,Nov.1960,
p. 531/546.

• . . accountof scatter-propagationmeasure-
mentsmadeatS-andX-bandduringtheperiod
May,1957toMay,1959.... TheS-band
transmitter,usinga3.480Gc/sc. w. magne-
tronwithapoweroutputof500watts,was
establishedatStartPointinDevon.Receiving
terminalsweresetupatWembley,Middlesex,
andWitnesham,Suffolk,atdistancesof173and
247statutemiles,respectively. . . Thetrans-
missionpathfortheX-bandsystem,whichused
apulsedmagnetronatafrequencyof9.640
Gc/s,alsoliesbetweenStartPointandWembley;
thepulselengthwas2microsecandthepulse-
repetitionfrequency500c/s, thepeakpowerin
thepulsesbeing180kW....
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ANANALYSISOFPROPAGATIONMEASURE-
MENTSMADEAT418MEGACYCLESPER
SECONDWELLBEYONDTHERADIO
HORIZON(aDigest)

H.B. Janes,etal., J. Res.Nat.Bur.Stands.,
vol. 64D,no.3, May,June1960,p. 255/257.

TROPOSCATTERSPANSA CONTINENT
R.H. Johnson,Electronicsvol.33,no.18,

April 1960,p. 38/39•

• . . backboneofProjectAceHigh,a4,000-
milecommunicationsnetworkfor NATO.
RESULTSFROMATHREE-HOPTROPO-

SPHERICSCATTERLINKINNORWAY
WITHPARALLELOPERATIONSON900
MCAND2200MC

N. HKnudtzon,etal., IRETrans.Commun.
Syst.,vol.CS-8,no.1, March1960,p.
20/26.

CARRIER-FREQUENCYDEPENDENCEOF
THEBASICTRANSMISSIONLOSSINTROPO-
SPHERICFORWARDSCATTERPROPAGA-
TION

K.A. Norton,J. ofGeophys.Res.,vol.65,
no.7, July1960,p. 2029/2045.

OPTIMUMDESIGNCONSIDERATIONSFOR
RADIORELAYSUTILIZINGTHETROP-
OSPHERICSCATTERMODEOFPROPAGA-
TION

C.A. Parry,Commun.andElectronics,no.
47,March1960,p. 71/80.

EQUIPMENTCONFIGURATIONANDPER-
FORMANCECRITERIAFORFULLYOPTI-
MIZEDTROPOSPHERIC-SCATTERSYS-
TEMS

C.A. Parry, IRE Conv. Rec. pt., vol. 8,

March 1960, p. 169/178.

INTERMODULATION DISTORTION IN MULTI-

CHANNEL LINKS WITH FM IN USW SCAT-

TER PROPAGATION

A. V. Prosin, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 8, 1960, p. 1/17.

. . . intermodulation distortions.., owing

to multi-path scatter propagation . . . Formu-

lae are produced for determining the power of
transient noise. The author establishes the de-

pendence of intermodulation distortions on the

length of the path, the beam-width of the aerial,

and a number of other factors ....

TROPOSPHERIC FIELDS AND THEIR LONG-

TERM VARIABILITY AS REPORTED BY

TASO

P. L. Rice, Proc. IRE, vol. 48, June 1960,
p. 1021/1029.

AN ANALYSIS OF TIME VARIATIONS IN

TROPOSPHERIC REFRACTIVE INDEX

AND APPARENT RADIO PATH LENGTH

M. C. Thompson, Jr., et al., J. Geophys.

Res., vol. 65, no. 1, Jan. 1960, p.
193/201.
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ANOTEREGARDINGTHEMECHANISMOF
UHFPROPAGATIONBEYONDTHEHORI-
ZON(Correspondence)

A. D.Watt,etal., Proc.IRE,vol.48,no.2,
Feb.1960,p. 252•

DATATRANSMISSIONTESTSONTROPO-
SPHERICBEYOND-THE-HORIZONRADIO
SYSTEM

F. E.Wilson,etal., IRETrans.Commun.
Syst.,vol.CS-8,no.1, March1960,
p. 40/43.

SIMPLEMETHODSFORDESIGNINGTROP-
OSCATTERCIRCUITS

L• P• Yeh,IRECony.Rec.Pt.5, vol. 8,
March1960,p. 180/187.

LONG-RANGETROPOSPHERICTRANSMISSION
Proc.IRE,vol.48,no.1,Jan.1960,p•30/44.

• . .General"State-of-theArt" report.
PACIFIC SCATTER SYSTEM COMPLETED

Electronics, vol. 33, July 1960, p. 39•

GROUND TELECOMMUNICATION PERFORM-

ANCE STANDARDS Part 5 on Tropospheric

Systems.

A• F• Barghausen, et al•, National Bureau

of Standards, Boulder, Colo., 15 June 1961,

377 p•, (NBS rept. 6767), AD 266 838.

Propagation characteristics • . • Radio

receiver output signal-to-noise ratios. IF

signal-to-noise ratios, bandwidth requirements,

and effective noise figure of receiving systems,

equipment characteristics affecting system

performance, predicting the performance of

communication circuits, siting.

PERFORMANCE PREDICTIONS FOR SINGLE

TROPOSPHERIC COMMUNICATION LINKS

AND FOR SEVERAL LINKS ON TANDEM

A. P. Barsis, et al., National Bureau of

Standards, Boulder, Colo., Aug• 1961,

161p., refs, (NBS-TN-102; PB-161603),

N64-17996, AD 288 532.

• . . probability of obtaining a specified

grade of service or better for various percent-

ages of time . • . acceptable ratio of hourly

median predetection-RMS-signal-to RMS-noise

for the type of intelligence to be transmitted.

The standard deviation of prediction errors de-

pends upon the percentage of hours the specified

grade of service is required . . . The possibility

of reducing this standard deviation by making
path-loss measurements is discussed . • •

SCADAR

R. G. Beltzer, Bendix Systems Div., Bendix

Corp., Ann Arbor, Final rept. Dec• 1961,
lv., incl. illus. ,(Rept• no. BSC-30697; BSR-

628), (RADC TDR 62-45), AD 274 282.

• . . new technique of data processing.. •

implemented by simulation in the laboratory.

• . . A working system was installed on (he

troposcatter DEW line training link in Illinois.

PROPAGATION CHARACTERISTICS OVER

FAR-BEYOND-THE-HORIZON PATHS AT

U• H. F. (In Japanese)

K• Kobayashi, et al., J. Inst. Elect• Commun.

Engrs. Japan, vol• 44, no• 3, March 1961,

p. 317/323.

Measurements of path loss were made at
1300 Mc/s on transhorizon links of length 373

km and 824 km along the southern coast of

Japan• Up to 500 km, path loss in terms of
distance showed little difference from the

values given by Norton's empirical formula,

but beyond this distance the loss increased at

about 0.18 dB/km, which is greater than has

been reported hitherto. The monthly median
loss on a 438 km link had a minimum value in

July and a maximum in February or March,
with a difference of 17 dB ....

TROPOSPHERIC SCATTER AS AN ALTER-

NATIVE TO CERTAIN HF RADIO SYSTEMS

T. H. Moriarity, Page Communications

Engineers, Inc., Washington, D. C., 1961,

16 p., AD 419 282.

The present report is a part of the back-

ground material being prepared by PEAC

(Panel of Experts Advisory Committee) for
the United States member of the International

Panel of Experts which will meet in Geneva

during September of 1961 .... to prepare
recommendations to the International Tele-

communications Union on means of reducing

congestion in the hf radio band .... relates

to the use of tropospheric scatter in place of

certain hf radio systems .... which have

a path length of 500 miles or less.

TRANSMISSION BANDWIDTH FOR RECEPTION

OF SINGLE AND SCATTERED SIGNALS IN

ULTRASHORT-WAVE TROPOSPHERIC

PROPAGATION (Translation)

A. S. Nemirovskiy, Telecommunications

no. 5, May 1961, p. 17/26.

It is shown that the transmission bandwidth

of a tropospheric radio relay link becomes

sharply widened when even a small amount of

the regular diffracted signal is incident at the

receiver in addition to the scattered component•

It is also shown that the technique of distributed

reception in which the scattered signals are

combined linearly before detection permits

transmission over a much wider bandwidth, and

increases the stability of operation.

WIDTII OF THE PASSBAND IN SINGLE AND

SPACED RECEPTION OF THE SIGNALS IN

LONG DISTANCE TROPOSPHERIC PRO-

PAGATION OF ULTRA SHORT WAVES

A. S. Nemirovskii, Telecommunications,

no• 5, Oct. 1961, p. 501/512.

It is shown that the passband of a tropospheric

radio relay line sharply increases in cases

336
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where at the point of reception, in addition to

the scattered component, there arrives a regular

or a diffraction component, or if the reception

of the spaced signals is carried out by the

method of linear composition befor the FM

detector ....

BANDWIDTH LIMITING EFFECTS OF FRE-

QUENCY SELECTIVE FADING OVER

TROPOSPHERIC SCATTER PATHS

P. D. Shaft, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.,

Master's thesis, 12 Dec. 1961, 105 p.,

incl. illus., tables, 28 refs., (Research

rept. no. PIBMRI-976-61), AD 281 967.

A set of design curves of intermodulation

distortion due to frequency selective fading was

derived for tropospheric scatter systems ....

applicable to systems frequency modulated with

frequency division multiplexed telephone and

telegraph channels .... A two-ray model was

selected to derive general results .... Equa-

tions for intermodulation distortion are evalu-

ated using the parameter normally encountered

in tropospheric scatter systems ....

INFORMATION BANDWIDTH OF TROPOSPHERIC

SCATTER SYSTEMS

P. D. Shaft, IRE Trans. Commun. Syst., vol.

CS-9, no. 3, Sept• 1961, p. 280/287.

EUR-MED TROPO SYSTEM PATH LOSS TESTS

ITT Communication Systems, Inc., Paramus,

N. J., 30 Nov. 1961, 114p., AD430 119.

The results are documented of path loss tests

conducted in the European-Mediterranean area

between the months of February and September

1961 .... on a frequency of 1965 mc • . .

on one path, Reggio-Wheelus, a comparison was

also made on a frequency of 872 mc . . • The

path loss testing equipment consisted of crystal

controlled transmitters, crystal controlled nar-

row band receivers with recorders, paraboloid

antennas, transmission lines and power units.

PERFORMANCE PREDICTIONS FOR SINGLE

TROPOSPHERIC COMMUNICATION LINKS

AND FOR SEVERAL LINKS IN TANDEM

A. P. Barsis, et al., National Bureau of Stand-

ards, Washington, D. C., Oct. 1962, 154 p•,

incl. illus., refs., (ESD TDR 62-292), AD
291 588•

PROPERTIES OF 400 MCPS LONG-DISTANCE

TROPOSPHERIC CIRCUITS

J. H. Chisholm, et al., Proc. IRE, vol. 50,
no. 12, Dec. 1962, p. 2464/2482•

Measurements are reported on beyond-the-

horizon propagation losses at 400 Mcps. Data

are from 98 to 830 mi. beyond the horizon. The

transmission loss between isotropic antennas
varies from about 190 db at i00 mi. to about 300

dbat800mi, distance. Also described are meas-

urements of frequency-selective fading, space

diversity, and variations in the angle of arrival

of the signals.
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DEWDROP COMMUNICATION SYSTEM PER-
FORMANCE

W. G. Donaldson, et al., Elect• Commun•,

vol. 37, no. 3, 1962, p• 222/229.

Dewdrop is a single-sideband suppressed-

carrier quadruple-diversity communication

system operating between 350 and 450 mega-

cycles per second and employing tropospheric

scatter propagation. This 691-mile • • . link,

the longest operational single-hop tropospheric

scatter system in existence, connects Thule,

Greenland, and Cape Dyer, Canada. Many
problems and anomalies have been encountered•

Some of these were expected but most were
not ....

AN/FRC-68 ANGLE DIVERSITY COMMUNICA-

TION SYSTEM

I. A. Fantera, et al., Rec. Nat. Commun.

Syrup•, vol. 8, no. 10, Oct• 1962, p. 61/75.

An experimental system for studying

tropospheric scatter communications employ-

ing multiple angle diversity is described ....

in the 7125 to 8500 mc range over a 185 mile

path • . . facilities for performing simultaneous

comparisons of angle diversity combinations

with space or frequency diversity . . • in-

strumentation for automatically computing and
recording various signal statistics . • . Data

collected to date . . .

DETERMINATION OF PERMITTIVITY

VARIATIONS IN THE TROPOSPHERE BY

SCATTER-PROPAGATION METHODS

D. T. Gjessing, Proe. Instn. Elect• Engrs.,

London (Pt. C), vol. 109, no. 16, Sept.

1962, p• 447/455.

An account of an experimental tropospheric

scatter-propagation investigation is given.

• • . the atmospheric permittivity distribution
in a general form is discussed in some detail.

• . . experiments • . . to contribute to the gen-

eral understanding of the conditions in the trop-

osphere which are of importance to long-distance
communication ....

THEORETICAL AND EXPERIMENTAL INVESTI-

GATION OF CROSSTALK POWER IN MULTI-

PATH RECEPTION (Translation)

I. A. Gusiatnskii, et al., Telecommun. Radio

Engineering, Part I - Telecommunications,

Dec. 1962, p• 1/12, 16 refs., A63-19198.

• • . formulas . . . multipath reception of

beyond-horizon UHF communications. The

mean value of crosstalk is obtained, as is the

probability distribution for the various stages

of the propagation medium .... experimental

measurements . . • in good agreement with
theoretical conclusions.

SHAPE'S TROPOSCATTER SYSTEM IN NOR-

WAY (In Norwegian)

N. Knudtzon, Tekn. Ukeblad, vol. 109, no. 48,

Dec. 1962, p. 1241/1254.
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This is a survey of the telecommunications

system of Allied Command Europe, which in-

cludes the ACE High troposcatter system ex-

tending from Northern Norway to Eastern Tur-

key. A review of troposcatter theories and

characteristics is given. The three-leg "Hot-

Line" system between Oslo and Bord¢_, built in

1956/1958 to obtain experience for the planning

of the ACE High system is described . . .

DISCUSSION ON "INFORMATION BANDWIDTH

OF TROPOSPHERIC SCATTER SYSTEMS"

(Correspondence)

R. G. Medhurst, IRE Trans. Commun. Syst.,

vol. CS-10, no. 3, Sept. 1962, p. 317.

As a footnote to Mr. ShaftVs interesting

paper, it seems worth recalling an attack on

the same problem by this writer a few years

ago ....

DIGITAL TROPOSPHERIC SCATTER

J. R. Poppe, et al., Commun. Electronics,

vol. 80, no. 58, Jan. 1962, p. 669/674.

• . . Using simple, proven binary detection

methods--such as frequency shift keying--

substantial range improvement is shown over

multichannel FM (frequency-modulated) or SSB

(single-side-band) tropospheric scatter schemes,

at the sacrifice of analog capability ....

MEDIAN SIGNAL LEVEL PREDICTION FOR

TROPOSPHERIC SCATTER

G. C. Rider, Marconi Rev., vol. 25, 3rd Qtr.,

1962, p. 203/210.

The data from the Bromley-Catterick exper-

imental scatter link have been further analysed

to give a regression line of refractive index

upon path attenuation• A slope of 0.43 dB per

N unit is found, and this is shown to be in agree-

ment with GrayTs results for some Caribbean

paths. GrayTs propagation curves for 900 Mc/s

are shown to give good predictions, very simply,
for seven paths in widely differing climatic re-

gions. For other frequencies, and for difficult

paths, it is suggested that the new regression co-

efficient be used in NortonTs classical prediction
formula.

COMPARISON OF CALCULATED AND MEAS-

URED BANDWIDTH OF THE FLORIDA-CUBA

TROPOSPHERIC SCATTER SYSTEM

(Correspondence)

P. D. Shaft, IRE Trans. Commun. Syst.,

vol. CS-10, no. 4, Dec. 1962, p. 457.

ETUDE TIfEORIQUE ET EXPERIMENTALE

DES PROBLEMES DE FLUCTUATIONS

RAPIDES EN PROPAGATION TROPO-

SI_IIERIQUE (Theoretical and Experimental

Investigation of Rapid Fluctuations in Tropo-

spheric Propagation) (In French)

R. Tremblay, Ann. Radioelect., vol. 17, no.

70, Oct. 19(;2, p. 280/296.
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TROPOSPHERIC SCATTER AJ EVALUATION.

VOLUME II. UNCLASSIFIED APPENDICES

Westinghouse Electric Corp., Baltimore, Md.,

Technical note no. 1, April-Nov. 1961,

28 May 1962, 1 v. incl. illus., refs.,

RADC TDR 62-135, vol. 2, AD 276 695.

. . . Tropospheric propagation• • • Duration

and rate of fast fades in troposcatter communica-

tions . . . Modulation techniques for a tropospheric

scatter communications system . . • Diversity

reception . . . troposcatter antenna character-

istics and receiver techniques . . •

A METHOD FOR PREDICTING INTERCHANNEL

MODULATION DUE TO MULTIPATH PROPO-

GATION IN FM AND PM TROPOSPHERIC

RADIO SYSTEMS

C. D. Beach, et al., BelISyst. Tech. J., vol.

42, no. 1, Jan. 1963, p. 1/36.

. . . interchannel modulation due to multipath

propagation on angie-modulated tropospheric

scatter radio systems. Values of signal-to-

intermodulation ratio, S/I, are calculated for

various pairs of signal reflections in the tropo-

sphere, taking into account the base bandwidth

and frequency deviation of the system, the antenna

patterns, the path geometry, and climatic con-

ditions during the "worst month" of propagation.

The lowest value of S/I (worst intermodulation)

computed for such pairs of signal reflections is

then corrected empirically to account for multiple

reflections. The result represents the median

value of S/I expected during the worst month of

transmission on a specified path.

STUDY AND INVESTIGATION OF POLARIZATION

PROGRAMMING. VOLUME II: POLARIZA-

TION SYSTEMS ANALYSIS

R. S. Berkowitz, et al., Pennsylvania U.,

Philadelphia Moore School of Electrical

Engineering, Moore School Rept. 64-02;
RADC-TDR-63-396, vol. 2, AD 430 249,

N64-15818.

• . . The troposcatter propagation factors

affecting a polarization programming system are

presented .... polarization programming to

an over-the-horizon troposcatter link seems to

be feasible . . .

PARAMETERS OF A LONG-RANGE TROPO-

SPHERIC FORWARD SCATTER LINK

R. R. Burrows, Army Missile Command, Red-

stone Arsenal, Ituntsville, Ala., 5 March 1963,

39 p., Rept. no. RE-TR-63-2, AD 298 939.

A NOMOGRAPH FOR PREDICTING THE

PERFORMANCE OF TROPOSPtIERIC SCATTER

COMMUNICATION CIRCUITS (Correspondence)

lt. T. Dougherty, IEEE Trans. Commun. Syst.,

vol. CS-1I, no. 1, March 1963, p. 138/142.

INFLUENCES CI,[MATIQUES EN PROPAGATION

TROPOSPIIERIQUE (Climatical Influences on

Tropospheric Propagation) (In French)

F. Du Castel, Ann. Telecomm., vol. 18, no.

11-12, Nov./Dec. 1963, p. 286/293.
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HAUFIGKEIT UND DAUER EINZELNER

SCHWUNDEINBRUCHE BEI TROPO-

SPHARISCHEN SCATTERSTRECKEN

(Frequency and Duration of Individual Fadings

at Tropospheric Scatter Intervals)

J. Grosskopf, et al., Emmanuel Coll., Boston,

Mass. Research Language Center, Jan. 1963,

34 p., refs., Transl. into English from
German an Article from Nachrichtentech Z•

(NTZ), no. 2, 1962, p. 71/78, AD 410 793,

N64-12278.

• . . to determine the interference fading fre-

quency and the fading duration distribution both
for short-term intervals . . . to one hour . . .

for long periods of time. The results of the

investigations permit the complete calculation

of short-term interval statistics when the posi-

tion of the measuring level relative to the field

strength median value and the mean fading fre-

quency of the interval are known . . .

PATH ANTENNA GAIN AND COMMENTS ON

"PROPERTIES OF 400 Mcps LONG-
DISTANCE TROPOSPHERIC CIRCUITS"

(Correspondence)

W. J. Hartman, Proc. IEEE, vol. 51, no. 5,

May 1963, p. 847/848.

Although the concept of "path antenna gain"

(or the closely related concept "loss in path

antenna gain ") . . . for tropospheric scatter

paths was introduced some time ago, it is still

quite widely misunderstood and misapplied ....

one specific error . . . the . . . assumption

that the loss in path antenna gain may be deter-

mined separately for the antennas at each end

of the path ....

A METHOD OF OBTAINING AND ANALYZING

DIGITAL ERROR PATTERNS

D. G. Iram, et al•, Rome Air Development

Center, Griffiss Air Force Base, N. Y.,

July 1963, 13 p., RADC TDR 63 255,

AD 413 474.

• . . experiments were made on a tropospheric

scatter channel .... indicate the improvement

possible on this channel by using a burst-error
correction code ....

AN INVESTIGATION OF THE TROPOSPHERIC

PROPAGATION ON DECIMETRIC WAVES

ON A 146-KM LONG MOUNTAIN LINE

N. Kombakov, et al., Foreign Tech. Div., Air

Force Systems Command, Wright-Patterson

AFB, Ohio, AD 412 249.

SIMULATION EXPERIMENTS IN TWO-WAY

CONTROLLED CARRIER TRANSMISSION

R. J. Massa, Air Force Cambridge Research

Labs., Bedford, Mass., May 1963, 45 p.,
AFCRL 63 159, AD 412 459.

. . . communication performance improve-

ments in tropospheric scatter system . . .
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ON THE PREDICTION OF THE INHERENT

BANDWIDTH CAPABILITY OF THE TROPO-

SPHERIC SCATTER LINK

C. A. Parry, IEEE Internat. Cony. Rec., Pt. 8,

vol. 11, March 1963, p. 215/232, 27refs.

• . . The tropospheric scatter mode . . . ex-

hibits a multipath characteristic that limits the
usable bandwidth .... bandwidth definitions

have little meaning when applied to FM type trans-

missions since they do not indicate the level of

the intermodulation noise introduced into the sys-

tem by the multipath behaviour, and this may be

a significant factor in system performance ....

THE STATISTICAL DISTRIBUTION OF INTER-

MODULATION DISTORTION DUE TO THE

PROPAGATION MEDIUM IN THE FM

TROPOSPHERIC SCATTER SYSTEM

H. Prescott, Rec. Nat. Commun. Symp., vol. 9,

Oct. 1963, p. 248/267.

INTERMODULATION DISTORTION ON TROPO-

SPHERIC SCATTER SYSTEMS (Correspondence)

H. Prescott, Proc. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1244.

A METHOD FOR PREDICTING THE STATISTICAL

DISTRIBUTION OF BANDWIDTH IN TROPO-

SPHERIC SCATTER LINKS

H. Prescott, et al., Conf. Proc. Nat. Conv. Mil.

Electronics, vol. 7, Sept. 1963, p. 281/285.

STUDIES IN DIGITAL COMMUNICATIONS.

PART I. FEASIBILITY OF ASYNCHRONOUS

MULTIPLEXING. PART II. PERFORMANCE
OF HIGH-SPEED DIGITAL COMMUNICATIONS

OVER TROPOSCATTER LINKS

M. P. Ristenbatt, et al., Cooley Electronics
Lab., U. of Michigan, Ann Arbor, Aug. 1963,

101 p., AD 416 647.

PRODIFFUSION TROPOSPHERIQUE A FRE-

QUENCE OPTIMALE (Tropospheric Trans-

mission at an Optimal Frequency, Using

Adaptive Techniques) (In French)
J. Simon, Ann. Telecomm., vol. 18, no. 11-12,

Nov./Dec. 1963, p. 301/311, 22 refs.

OSOBENNOSTI OPTIMAL'NOGO PRIEMA

IMPUL'SNOGO SIGNALA PRI DAL'NEM

TROPOSFERNOM RASPROSTRANENII

RADIOVOLN (Peculiarities in the Optimum

Reception of a Pulsed Signal During the

Distant Tropospheric Propagation of Radio

Waves) (In Russian)

I. G. Tratas, Radiotekhnika i Elektronika,

vol. 8, April 1963, p. 546/551, A63-19874.

• . . detection of a signal in the case where

the transmitter and the receiver are located

beyond the direct line of sight. Determined is

the receiver structural design that is optimum

for the detection of the pulsed signal beyond the

horizon. Noted is the increased duration of the

signal as compared to a signal that is trans-

mitted within the line of sight.
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Related Publications:

PROLONGED SPACE-WAVE FADEOUTS IN

TROPOSPHERIC PROPAGATION

A. P. Barsis, et al°, J. Res. Nat. Bur. Stand.,

vol. 66D, no. 6, Nov.-Dec. 1962, p. 681/694.

ON THE STABILITY ANALYSIS OF A TWO-

WAY CONTROLLED CARRIER TRANSMISSION

SYSTEM

N. J. Bershad, Air Force Cambridge Research

Labs., Bedford, Mass., Dec. 1963, 9 p.,

AFCRL 63 586, AD 428 435.

1. 665:

A mathematical model of a linear controlled-

carrier tropospheric communication system is

analyzed for tropospheric gain variations with a

white-noise power spectral density. The stability

of the first moment of the impulse response of the

closed loop control system is determined as a
function of the linear controllers and the statistical

characteristics of the troposphere•

EXPERIMENTS IN FREQUENCY DIVERSITY FOR

TROPOSCATTER SYSTEMS

W. S. Patrick, Rec. Nat. Commun. Symp.,

vol. 9, Oct. 1963, p° 217/232.

Meteoric Scatter Channels

Included: Scattering by meteor trails; Intermittent meteoric communications links; Meteor

ionization effects.

Not Included: Adaptive communications techniques (2); Signal processing techniques (3A).

Cross References: Regular ionospheric characteristics (1. 632); Irregular ionospheric characteris-

tics (1. 633); VHF-UHF propagation characteristics (1. 645).

Principal Publications:

WIDE-BAND FACSIMILE TRANSMISSION OVER A

900-MILE PATH UTILIZING METEOR

IONIZATION

W. H. Bliss, et al., Rec. Nat. Symp. Ext. Range

Space Commun., Washington, D.C., Oct. 1958,

p. 42/48.

• . . operating at 40 me by means of inter-
mittent meteor ionization. Printed matter was

scanned at a rate of 2 frames per second, with a

resolution of 67 elements per inch. An all-

electronic facsimile system recorded a picture

when the received signal rose above a preset
threshold•

ELECTROMAGNETIC SCATTERING BY LOW-

DENSITY METEOR TRAILS

H. Brysk, J. Geophys. Res., vol. 63, Dec. 1958,

p. 693/716.

METEOR BURST PROPAGATION

J. T. DeBetteneourt, et al., IRE Nat. Cony. Ree.,

March 1958, p. 121/126.

THE FORWARD-SCATTERED RADIO SIGNAL
FROM AN OVERDENSE METEOR TRAIL

P. A. Forsyth, Canad. J. Phys., vol. 36, Aug.

1958, p. 1112/1124.

METRE-WAVE PROPAGATION BY METEORIC

IONIZATION (In German)

J. Grosskopf, Nachrichtentech. Z., vol. 11,

Sept. 1958, p. 455/460.

STORAGE CAPACITY IN METEOR-BURST

COMMUNICATION SYSTEMS

W. S. Helbig, Proe. IRE, vol. 46, Sept. 1958,

p. 1649.

A THEORETICAL RATE AMPLITUDE RELATION

IN METEORIC FORWARD SCATTERING

C. O. Hines, Canad. J. Phys., vol. 36, May 1958,

p. 539/554•

THE INFLUENCE OF METEOR RADIANT

DISTRIBUTIONS ON RADIO-ECHO RATES

J. C. James, Georgia Inst. of Teeh. Engineering,

Experiment Station, Atlanta, May 1958, 105 p.,

Technical rept. no. 3, AD 162 524.

• . . study.., to determine how the number of

meteor signals received per unit of time varies
with the time of day and the month of the year over

an arbitrary meteor trail communication link.

• . . Three meteor-scatter links were used

to obtain data for comparison with theory. They
were the Atlanta-Knoxville, Atlanta-Boston, and

Columbia-Boston paths• The link characteris-

tics and the method of reducing the data are

described.

A SUGGESTED IMPROVEMENT TO THE

C. W. TECHNIQUE FOR MEASUREMENT

OF METEOR VELOCITIES

J. S. Mainstone, et al., Austral. J. Phys.,

vol. 11, June 1958, p. 277/278.

CONCERNING BOOKER'S THEORY OF

METEORIC REFLECTIONS

L. A. Manning, et al., J. Geophys. Res.,

vol. 63, Dec. 1958, p. 737/739.

THE INITIAL RADIUS OF METEORIC

IONIZATION TRAILS

L. A. Manning, J. Geophys. Res., vol. 63,

March 1958, p. 181/196.

THE DIRECTION AND AMPLITUDE OF

REFLECTIONS FROM METEOR TRAILS

AND SPORADIC-E IONIZATION ON A

1740 KM NORTH-SOUTH PATH AT VERY

HIGH FREQUENCIES

R. W. Meadows, Symp. Long Dist. Prop.

Above 30 Mc, Jan. 1958, p. 9.
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"ON THE CHOICE OF FREQUENCIES FOR

METEOR-BURST COMMUNICATION

M. L. Meeks, et al., Proc. IRE, vol. 46,

Nov. 1958, p. 1871.

STUDIES OF METEOR-BURST PROPAGATION

AT 49 AND 74 MEGACYCLES

M. L. Meeks, Georgia Inst. of Tech.,

Engineering, Experiment Station, Atlanta,

Final rept. 1 Jan. 1956/30 June 1958, 60 p.,

Rept. no. AFCRC TR-58-178, AD 160 821.

ON THE TRANSMISSION ERROR FUNCTION

FOR METEOR-BURST COMMUNICATION

G. F. Montgomery, Proe. IRE, vol. 46, July

1958, p. 1423/1424.

INVESTIGATION OF THE DRIFTS OF THE

EFFECTIVE POINT OF RADIO REFLEC-

TION ALONG A METEOR TRAIN

M. S. Rao, et al., Canad. J. Phys., vol. 36,

Dec. 1958, p. 1601/1623.

JANET, UBERTRAGUNG MIT METEORISCHER

STREUUNG (Janet, a Meteoric Scatter System)

(In German)

E. Roessler, Elektronische Rundsehau, vol. 12,

Dec. 1958, p. 426/432.

VERFAHREN UND ANLAGEN FUR METEOR-

ISCHE STREUUBERTRAGUNG (Methods and

Equipment for Meteoric Scatter Transmissions)

(In German)

E. Roessler, Nachriehtenteeh. Z. (NTZ), vol. 11,

Oct. 1958, p. 497/503.

AIR-TO-GROUND METEOR-BURST COMMUNICA-

TIONS

I. Roth, et al., Nat. Aerospace Navig. Electronics
Conf., May 1958, p. 99/101.

MULTIPATH LIMITATIONS IN METEOR BURST

C OMMUNICATIONS

G. R. Sugar, Rec. Nat. Symp. Ext. Range & Space

Commun., Washington, D.C., Oct. 1958, p. 42.

(No Title)

W. R. Vincent, et al., Stanford Res. Inst., Feb.

1958, 25 p., Scientific Rept. no. 6, AD 146
827.

A Meteor-Burst System for Extended Range
VHF Communications

Analysis of Oblique Meteor-l>ropagation Data

from the Communications Viewpoint

An Investigation of Storage Capacity Required

for a Meteor-Burst Communications System

DISTRIBUTION OF DURATIONS AND DUTY

CYCLE FOR METEORIC TRAIL SIGNALS

(FOR SHORT PATHS) FOR JUNE 1958

A. E. Ward, Pickard and Burns, Inc., Needham,

Mass., Aug. 1958, 22 p., AD 207 663.

THE DUTY CYCLE ASSOCIATED WITH

FORWARD-SCATTERED ECHOES FROM

METEOR TRAILS

H. J. Wirth, et al., IRE Nat. Cony. Ree.,

March 1958, p. 127/132.
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WIDE-BAND FACSIMILE TRANSMISSION OVER

A 900-MILE PATH UTILIZING METEOR
IONIZATION

W. H. Bliss, et al., IRE Trans. Commun. Syst.,
vol. CS-7, no. 4, Dec. 1959, p. 252/256.

HIGH-RESOLUTION PULSE MEASUREMENTS OF

OBLIQUE RADIO REFLECTIONS FROM

METEOR TRAILS AT 41 MC

R. J. Carpenter, et al., Paper from IRE-URSI

Joint Meeting, Oct. 19-21, 1959, San Diego,
California.

OBSERVATIONS OF DIRECTION OF ARRIVAL

OF LONG-DURATION METEOR ECHOES IN

FORWARD SCATTER PROPAGATION

T. Hagfors, et al., J. Geophys. Res., vol. 64,
Jan. 1959, p. 19/23.

APPLICABILITY OF MULTIPATH PROTEC-

TION TO METEOR BURST COMMUNICA-

TIONS

T. G. Knight, IRE Trans. Commun. Syst.,

vol. CS-7, no. 3, Sept. 1959, p. 209/210.

This paper investigates past methods of

improving the duty cycle of meteor scatter

communications links in the presence of

multipath distortion and suggests using a

technique, for further improvement, which

has proved useful at HF frequencies ....

THE EFFECT OF TRAIL IRREGULARITIES

ON THE INTERPRETATION OF METEOR

ECHOES

A. G. McNamara, et al., J. Atmos. Terrest.

Phys., vol. 16, Oct. 1959, p. 156/159.

METEORS IN THE IONOSPHERE

L. A. Manning, et al., Proc. IRE, vol. 47,

Feb. 1959, p. 186/199.

OBLIQUE ECHOES FROM OVER-DENSE

METEOR TRAILS

L. A. Manning, J. Atmos. Terrest. Phys.,

vol. 14, April 1959, p. 82/93.

PRELIMINARY 106.1-MC METEORIC

SCATTER EXPERIMENT: STANFORD,

CALIFORNIA TO BOZEMEN, MONTANA

W. R. Vincent, et al., Stanford Research Inst.,

Menlo Park, Calif., Feb. 1959, Scientific

rept. no. 12; AFCRC TN-59-159, AD 212
718.

THE LIMITATIONS OF NARROW-BEAM

RADIO EQUIPMENTS IN THE DETECTION

OF WEAK METEOR SHOWERS

A. A. Weiss, J. Atmos. Terrest. Phys.,

vol. 14, April 1959, p. 19/30.

GROUND ILLUMINATION PATTERN OF

SIGNALS REFLECTED FROM A METEOR

TRAIL

E. M° Young, et al., Stanford Research Inst.,

Menlo Park, Calif., Dee. 1959, 75 p.,

Scientific report no. 13, AFCRC TN-59-997,

AD 231 122.
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Given a transmitter location and arbitrarily

oriented meteor trails, the ground-illumination

pattern of the reflected signal is calculated.

A physical model has been used, consisting of

a trail of finite length and a radial distribution

of electrons (forming a cylinder) according to

Eshleman's theory•

TESTS MADE ON A METEOR-BURST VHF

SYSTEM

Brit. Commun. Electronics, vol. 6, Nov. 1959,

p. 781.

THE RELATIONSHIP BETWEEN THE NUMBER

OF METEORS DETECTED PER HOUR AND

THE WAVELENGTH OF THE RADAR

E. I. Fialko, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 12, 1960, p. 11/15.

AIR-TO-GROUND METEORIC SCATTER
COMMUNICATION SYSTEM

A. J. Hannum, et al., IRE Trans. Commun. Syst.,

vol. CS-8, no. 2, June 1960, p. 113/133.

• . . designed specifically to operate at fixed

frequency (50 me) through rapidly changing

propagation conditions by whatever path exists.

Thus, Sporadic E, or other scatter modes, as
well as meteoric scatter are effectively utilized

to transmit high quantities of data.

EXPERIMENTAL STUDIES OF METEOR ECHOES

AT 200 MC

J. L. Heritage, et al., IRE Trans. Antennas

Propagation, vol. AP-8, no. 1, Jan. 1960,

p. 57/61.

DETERMINATION OF THE OPTIMUM ANTENNA

PATTERN FOR A SIGNAL BURST COMMU-

NICATION SYSTEM

P. A. Lux, et al., IRE WESCON Conv. Rec.,

vol. 7, Aug. 1960, p. 17/26.

Due to irregularities in the atmosphere, iono-

sphere, or meteor trails a signal does not arrive

at the receiving antenna from one direction only.

Therefore the highest possible gain antenna with

its narrow beam width is not always optimum for

point to point communications•

ELEMENTARY CONSIDERATIONS OF THE

EFFECTS OF MULTIPATH PROPAGATION

IN METEOR-BURST COMMUNICATION

G. R. Sugar, etal., J. Res. Nat• Bur. Stand.,

vol. 64D, no. 5, Sept./Oct. 1960, p. 495/500•

Three mechanisms likely to regularly produce

multipath propagation are examined. These are:

(1) The simultaneous existence of two meteor

trails; (2) the existence of a Rayleigh-fading

background continuum; and (3) the existence of two

first-Fresnel zones along a single meteor trail•

LOSS IN CHANNEL CAPACITY RESULTING

FROM STARTING DELAY IN METEOR-

BURST COMMUNICATION

G. R. Sugar, J. Res. Nat. Bur. Stand., vol. 64D,
no. 5, Sept./Oct• 1960, p. 493/494.
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AMPLITUDE DISTRIBUTION FOR RADIO SIGN/_LS,

REFLECTED BY METEOR TRAILS. I

A. D. Wheelon, J. Res. Nat. Bur. Stand., vol.

64D, no. 5, Sept./Oct. 1960, p. 449/454.

THE RECEIVED-AMPLITUDE DISTRIBUTION

PRODUCED BY RADIO SOURCES OF

RANDOM OCCURRENCE AND PHASE

W. C. Bain, Proc. Instn. Elect. Engrs.,

Pt. C (London), vol. 108, no. 13, March

1961, p. 20/24.

A theoretical calculation.. • of the

amplitude probability distribution to be expected

on an ionospheric v. h. f. forward-scatter

circuit due to reflections from meteor trails

alone ....

RADAR METHODS OF OBSERVATION OF

METEORITES (In Russian)

E. I. Fialko, Moscow, Sovetskoye Radio,

1961, 112 p.

• . . presents a systematized treatment of

the basic concepts in the observation and

investigation of meteorites with the help of
radar.., meteorite radio astronomy . • •

communication problems connected with the

radar observation of meteorites. Extensive

bibliography• . .

POSITIVE AND RANDOM DETECTION OF

UNSTABLE METEOR TRACKS

Y. I. Fialko, Radio Engng: Transl. of Radio-

Tekhnika, vol. 16, no. 6, 1961, p. 22/32,

16 refs.

Positive and random detection of unstable

meteor tracks are examined under the condi-

tions of normal reflection of radio waves from

the ionized trails ....

THE INITIAL DIAMETER OF METEOR

TRAILS

G. S. Hawkins, In Smithsonian Astrophys. Obs.

Proc. of the Syrup. on the Astronomy and

Phys. of Meteors, held at Smithsonian

Astrophys. Obs., Cambridge, Mass•, Aug.

28-Sept. 1, 1961, 1963, p. 23/26, 9 refs.,

N63-16630.

THE INITIAL RADIUS OF IONIZED METEOR

TRAILS

B. L. Kasheheyev, et al., Obs. Proe. of the

Symp. on the Astronomy and Phys. of

Meteors, held at Smithsonian Astrophys.

Obs., Cambridge, Mass., Aug. 28-Sept. 1,

1961 (See N63-16627) 1963, p. 19/23, 5 refs.,
N63-16629.

METEOR RADIO COMMUNICATION AT

ULTRA-SHORTWAVES (In Russian)

A. N. Kazantsev (editor), Moscow, IL., 1961,

287 p.

Included in the collection are papers

published in the foreign periodical press between

1954-1957 on questions of accomplishing a new
kind of communication due to radio wave

scattering by meteor tracks in the ionosphere•
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THE RELATION BETWEEN VISUAL MAGNITUDES

OF METEORS AND THE DURATIONS OF
RADAR ECHOES

B. A. Lindblad, In Smith Astrophys. Obs. Proc.

of the Symp. on the Astronomy and Phys. of

Meteors, held at Smithsonian Astrophys. Obs.,

Cambridge, Mass., Aug. 28-Sept. 1, 1961,
1963, p. 27/39, 15 refs., N63-16631.

RESEARCH ON ADVANCED DATA TRANSMIS-

SION TECHNIQUES FOR AIRBORNE EARLY
WARNING COMMUNICATIONS

Jansky and Bailey Div., Atlantic Research Corp.,

Washington, D.C., 27 April 1961, 19 p.,
AD 413 982.

Statistical data on certain performance

characteristics are needed before design of

practical meteor scatter data link systems can

be accomplished. These data include the

probability distributions for the time intervals

between useful meteor bursts, data on meteor

burst duration, seasonal and diurnal variations

in average duty cycle, and the link ....

THE FINE STRUCTURE OF METEOR-BURST
SIGNALS

P. J. Bartholome, SHAPE Air Defense Technical

Center, The Hague (Netherlands), April 1962,

43 p., incl. illus., 8 refs., Technical memo.
no. TM-36, AD 276 512.

• . . The principles of operation in communica-

tion systems of the Janet-B type, particularly the
gating principle, are not well matched to the

characteristics of the medium . . . a pronounced

space-diversity effect is present on longer

reflections when the signal received fluctuates as
a result of trail deformation•

INVESTIGATION OF DIRECTIONAL PROPERTIES

OF THE SCATTERING OF MICROWAVE

RADIO SIGNALS BY METEOR TRAILS

(Translation)

V. P. Chepura, et al., Teleeommun. Radio

Engineering, Part I - Telecommunications,

Nov. 1962, p. 1/9.

THE PROBABILITY OF INTERCEPTING RADIO
SIGNALS SCATTERED BY METEOR TRAILS

U. R. Embry, Stanford Electronics Labs.,

Stanford U., Calif., March 1962, 50 p., incl.

illus., table, 17 refs., Technical rept. no.

773-1; SEL-62-012, RADC TDR 62-249,
AD 282 334.

. . . detecting communication systems which
use signals scattered by meteor trails . . .

To obtain the statistical data required on the

fraction of meteor trails that scatter energy to an

intercept location .... a computation program is
formulated .... data can be used to estimate the

performance of a meteor-scatter communications

link. Sample computations• . . are carried out.

. . .

UBER DIE HAUFIGKEIT VON METEOR-

ECHOS (On the Frequency of Meteor Echos)
(In German)

R. Eyfrig, et al., Arch. elekt• Uebertragung,

vol• 16, Dec. 1962, p. 609/610.

• . . Back-scatter echoes from meteors

have been recorded on a radio frequency of

51.3 Mc/s. The values are analyzed in four

groups according to the signal level. For

each group the average time coverage, echo
duration, and probability are indicated ....

METEOR-BURST SIGNAL DISTRIBUTIONS

G. R. Sugar, National Bureau of Standards,

Boulder, Colo, 30 Jan. 1962, lv. incl.

illus., tables, refs., NBS rept. no. 7224,
AD 273 461.

Measurements of meteor-burst duty cycle

and waiting time between bursts at transmis-

sion frequencies of 30, 50, and 73 mc over

paths from Long Branch, Illinois to Boulder,

Colorado; Norman, Oklahoma to Fargo, North

Dakota; and.., a general survey of meteor

propagation is also presented.

SOME APPLICATION OF THE METEOR

BURST PROPAGATION MODE

D. L. Albright, et al., Rec. Nat. Commun.

Symp., vol. 9, Oct. 1963, p. 241/247.

• . . The experimental meteor-burst link

between Seattle, Washington and Bozeman,

Montana is described and the results to date

are presented .... several specific system

applications of this propagation mode are
explored.., include an instantaneous time

synchronization system, an automatic weather

station complex, private or clandestine

communication systems, and an emergency

communication system ....

PROGRESS IN METEOR ASTRONOMY IN
1958-1961

I. S. Astapovich, et al., Joint Publications

Research Service, Washington, D. C.,

3 Feb. 1964, 18 p., Transl. into English

of an article from Meteoritika (Moscow),

No. 23, 1963, JPRS-23047; OTS-63-21470,
N64-14528.

• . . includes.., the use of radar to study
meteors and the use of meteor phenomena

(ionization for example) for long-range radio
communication...

APPARATUS FOR EXPERIMENTAL

INVESTIGATION OF THE SCATTERING

OF RADIO WAVES BY METEOR TRAILS

I. V. Bayrachenko, et al., Joint Publications

Research Service, Washington, D.C., In
its Sov. Rept. on Meteor Observations

by Radar, 30 April 1963, p. 18/22, refs.,

Transl. into ENGLISH from Sb. Rabot po

Mezhdunarodnomu Geofiz. Godu (Kiev), no. 1,

1961, p. 49/51, N64-10811.

The circuitry and component functions of the

radar indicating-recording device used for

investigating the dispersion of radio waves by
meteor trails are presented.

343
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RESEARCHONTHEDIRECTIONALSCATTERING
OFUHFRADIOSIGNALSBYMETEOR
TRAILS

V. F. Chepura,etal., JointPublicationsResearch
Service,Washington,D. C., Feb.11,1963,
13p., refs., Transl.intoEnglishofan
articlefromElektrosvyaz(Moscow),v. 16,
no.11,Nov.1962,p. 3/10,JPRS-17555,
OTS-63-21089,N64-10563.

• . . experimentalstudyofUHFscatteringby
meteortrails• Datahavebeenobtainedonthe
variationinthecorrelationfactoroftwosignals
ofnearlythesamefrequencyreceivedsimulta-
neouslyatthesamelocation.Duringtheexper-
imentoneofthetransmitterswasfixed,whilethe
otherwasmovedvarioussites•. .

MESSAGEGENERATIONANDRECEPTION
EQUIPMENTFORA METEOR-BURST
COMMUNICATIONSYSTEM

D.C. Coll,etal., DefenceResearchTele-
communicationsEstablishment(Canada),April
1963,13p., Rept.no.1108,AD407686.

• . . Thissystemwasoperatedat100mcona
circuitbetweenOttawa,OntarioandGooseBay,
Labrador•Thirty-digitmessagesweretransmitted
atratesofupto25,000digitspersecond.

VREMENNOIKHODSIGNALA,OTRAZHENNOGO
OTSLEDAMETEORA(TimeDependenceof
aSignalReflectedFromaMeteorWake)(In
Russian)

I. K. Kalinin,Geomagnetizmi Aeronolniia,vol.4,
no.1, 1964,p. 124/130,12refs., A64-17007.
• . . distributionofelectronconcentrationina

meteorwake,usingtheequationsofambipolar
diffusion.Thetimedependenceofasignalreflected
fromameteorisdeterminedbymeansofthe
perturbationmethod... Thesignaldependence
ontimeisexpressedintheformof Fresnel
integralofacomplexargument•
METHODOFPREVENTINGSIGNALDISTOR-

TIONSCAUSEDBYMULTIPATH
DISTRIBUTIONDURINGMETEORIC
COMMUNICATION

V. V. Sidorov,ForeignTech.Div., Air
ForceSystemsCommand,Wright-Patterson
AFB,Ohio,25July1963,3p., AD414686

POLARISATIONS-DIVERSITYBEIMETEOR-
VERBINDUNGEN(PolarisationDiversityin
MeteoricRadioCommunications)(InGerman)

L. Triskova,AstronomicalInstitutesof
Czechoslovakia,Bulletin,vol. 15,no.2,
1964,p. 67/74,13refs., A64-17867.

• . . possibilityofincreasingtheduty
cycleinpolarization-diversityreception,for
meteoricradiocommunications.... The
24-hourvariationin theprobabilityofthe
appearanceofasignalataverticalreceiver
antennaisdefinedfor ahorizontalpolarization
oftheemittingantenna.Measurementsindicate
a25%maximumincreaseindutycycle.
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ANEQUIPMENTFORCOMBINEDGEO-
PHYSICALANDASTRONOMICAL
MEASUREMENTOFMETEORS

A. A. Weiss,etal., Proc.Instn.RadioEngrs.
Australia,Sp.IssueonRadioAstronomy,
vol.24,no.2, Feb.1963,p. 197/203.

A 27Mc/sradioequipmentforcomprehensive
measurementsonindividualmeteortrailsis
described•Thetwokeyfeaturesofthe
instrumentarecontinuous-waveoperation,
whichprovidesareferencephaseatthe
receivers;andanoutstationnetworkwhose
mainpurposeis thetriangulationoftheflight
pathsofindividualmeteors.... some
preliminaryresultsoftheobservingprogram
aregiven....
Related Publications:

METEOR ACTIVITY AS A FACTOR IN

IONOSPHERIC SCATTER PROPAGATION

G. A. Isted, Marconi Rev., 4th quarter,

1958, p. 161/172.

DOPPLER INVESTIGATIONS OF THE RADAR

AURORA AT 400 MC/S

R. L. Leadabrand, et al., J. Geophys. Res.

vol. 64, Sept. 1959, p. 1197/1203.

AS ESTIMATION OF THE MEAN TELE-

GRAPHY SPEED FOR AN INTERMITTENT

RADIO LINK WITH FREQUENCY KEYING

V. S. Mel'nikov, Radio Engrg., vol. 14, no. 4,

1959, p. 26/36.

Using the theory of potential interference

suppression developed by Kotel'nikov an estimation

is made of the mean telegraphy speed for an

intermittent radio link using frequency keying.

An estimation is made of the advantages of inter-

mittent radio communication .... The most

typical radio link of this type is that which uses

meteor ionization•

PROCEDURAL EFFICIENCY FOR INTERMITTENT
COMMUNICATIONS SYSTEMS

B. M. Sifford, Stanford Research Inst., Menlo

Park, Calif., Dec. 1959, 20 p., Scientific

report no. 14, AFCRC TN-59-998, AD 231 123.

DOPLOC SYSTEM STUDIES

W. E. Scharfman, et al., Stanford Research

Inst., Menlo Park, California, Final rept.,

pt. B., July 1960, 70 p., Rept. no. 10,
AD 419 771.

. . . the report also estimates the number

of meteor echoes that will be detected by the

DOPLOC system and how they will affect

system performance ....

THE EFFECT OF HIGtt-ALTITUDE

NUCLEAR EXPLOSIONS ON RADIO

COMMUNICATION

H. P. Williams, IRE Trans. Mil. Electronics,

vol. MIL-6, no. 4, Oct. 1962, p. 326/338.
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1• 666: Needles Channels

Included: Orbital dipole channels; Chaff communications; Dispersive communications channels;
Artificial scatterer channels; Project West Ford Channels.

Not Included: Launching of chaff scatterers.

Cross References: Analysis of time-variant dispersive channels (1. 612).

Principal Publications:

SOME THOUGHTS ON MODULATION AND
DEMODULATION FOR THE NEEDLES

CHANNEL, PART I
R. Price, Lincoln Lab•, Mass. Inst. of Tech.,

Lexington, 15 April 1959, 18 p. (Group rept.
no. 34-86), AD 262 922.

A highly random model for the Needles
channel is adopted, and the application of
detection theory yields a cross-correlator-
radiometer receiver that is near-optimal at
low S/N in the channel. Relationships to the

Rake system are discussed• It is concluded
that under certain conditions desirable wave-
forms for the Needles channel are sinusoids

employed in a manner that circumvents
intersymbol interference ....

COMMUNICATIONS BY RE-RADIATION
FROM CHAFF

B.V. Blom, Conf. Proc. Nat. Conf. Mil.
Electronics, vol 4, June 1960, p. 542/546.

• . . The scattering pattern of an ensemble
of chaff dipoles was analyzed by Dr. R. A.
Hessemer, Jr. of the Applied Research
Laboratory.. •

THE DICON SYSTEM

R.S. Berg, et al•, Lincoln Lab., Mass. Inst.
of Tech., Lexington, 31 Oct. 1961, 28 p.
(Technical rept. no. 251), AD 267 536.

Built to demonstrate the applicability of the
project West Ford channel as a high capacity
digital data link, the DICON system comprises

a transmitter which provides a variety of
modulation signals to the West Ford RF

transmitter and a receiver designed to recover
the modulation signal from the output of the
West Ford X-band receiving system and to
measure and record the perturbations introduced
by the West Ford channel• These perturbations

are expected to be due principally to Doppler
shift, Doppler spread and multipath delay.
Since the fluctuation and multipath times may
be of the same order, a noncoherent detection
scheme is used.

COMMUNICATION VIA ARTIFICIAL
SCATTERER

B. Raabe, et al., General Mills, Inc., Min-
neapolis, Minn., Electronics Div., Dec. 1,
1961, 112 p., 11 refs., Rept. 2245,
N63-22442.
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• . . possibility of creating a stable, efficient
scatter-propagation communication path below
the ionosphere . . .

EXPERIMENTAL INVESTIGATION OF CHAFF
TRANSMISSION IN THE 1300 TO 1800 MC
FREQUENCY RANGE

L.H. Bauer, Radiation, Inc., Melbourne, Fla.,

Quarterly progress rept. no. 3, 1 Jan. -
31 March 1962, 31 March 1962, Iv. incl.
illus. , AD 275 622.

. . . Data are presented on the behavior of

bistatic cross section of the chaff clouds, the
effects of polarization, the probability distri-
bution of received signal power and the spectra
of fading frequencies. The bistatic cross section

for 3.75 (10 to the 6th power) dipoles was 1500
to 2500 square meters with an average value of
approximately 2000 square meters .... The

probability distribution of received power was
essentially Rayleigh. The spectrum of fading
frequencies for six samples was 0 to 5 c.

FEASIBILITY STUDY OF CHAFF COMMUN-
ICA TION

L.H. Bauer, et al., IRE Internat. Conv. Rec.,
Part 8, vol. 10, March 1962, p. 131/139.

• . . use of re-radiation from chaff as a means

of communication over non-line-of-sight paths at

UHF .... Tests were made using military
radio relay equipment. In addition, radar
equipments were utilized to determine chaff
cloud position and size. The chaff was dispensed
at an altitude of 10,000 feet by aircraft ....

PERFORMANCE OF A RAKE SYSTEM OVER

THE ORBITAL DIPOLE CHANNEL

P. Bello, et al., Rec. Nat. Commun. Syrup.,
vol. 8, no. 10, Oct. 1962, p. 46/53•

• . . Rake... has been used effectively...
due to the ability of the . . . receiver . . . isolate

the various paths, measure the (time-varying)
path gains and phases, and coherently add the
contributions of the various paths .... here,
we determine the signal-to-noise ratio of a Rake-

like system as a function of the spread factor of
the channel. The channel model chosen is that

of the Orbital Dipole Channel, for which a tapped
delay line representation with independent complex
value Gaussian processes for tap functions seems

to be applicable. The system analyzed...
differs from the previous Rake system in two

notable ways. First, two independent noise
carriers, of which only one is modulated, are
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transmittedsimultaneously.Second,notonly
digitalbutanalogsignalmodulationmethods
(suchasPM,FM,SSB)canbeused....

DISTRIBUTEDSATELLITECLRCUMGLOBAL
COMMUNICATIONTECHNIQUESTUDY

R.A•Cushman,etal., BellTelephoneLabs.,
Inc.,Whippany,N.J., Rept.for 11Jan.
1961- 11Jan•1962,11Jan.1962,167p.,
incl. illus,tables_30refs•, (P,ADCTDR
62-120),AD274911•

• . . first yearresultsofacontinuingstudy
oftheuseoforbitingdipolebeltstomeetAir
Forcecommunicationrequirements. • • cross
section.., statisticalcharacterizationofthe
scatteringmedium.... weightofdipoles,
operatingfrequency,transmitterpower,and
antennasize,andcalculationsoftherequired
powerforabasicchannelusingaquaternary
frequency-shiftcode.... interference
problems. . . survivabilityandcost,and
choiceofoperatingfrequencywithinthe2-and
8-Gcregion.

ORBITALSCATTERCHANNELPROPAGATION
EXPERIMENT

P. R• Drouilhet, et ai., Lincoln Lab•, Mass•
Inst. of Tech., Lexington, 21 Dec• 1962,
24 p., 7 refs°, Tech. rept. no. 292,
ESD TDR 62-280, AD 401 311.

• . . essential characteristics for channels

of this type may be expressed in terms of the
channel 'scattering function', which exhibits the
average character of the time and Doppler
smearing of the medium .... can be measured

by observing the channel with a coherent bistatic
pulsed radar.

STATISTICAL PROPERTIES OF THE DICON
RE CEIVER

J.A. Dumanian, Lincoln Lab., Mass. Inst. of

Teeh., Lexington, 2 March 1962, 11 p.,
illus., 3 refs., (Rept. no. 52 G-2), AFESD
TDR 62-85, AD 275 278.

• . . frequency-shift keying and energy de-
tection .... The final bit decision is per-
formed by subtracting the outputs to two channel
receivers tuned to the two information frequencies
and determining the sign of the result. Results
were obtained for a variety of parameters
representative of the range of experimental
conditions expected in West Ford communications.

PARAMETRIC ANALYSIS OF AIR GROUND

COMMUNICATIONS VIA ORBITING DIPOLES
C.C. Gauder, Electromagnetic Warfare and

Communications Lab., Aeronautical Systems
Div., Wright-Patterson Air Force Base,
Ohio, Rept. on Applied Communication

Research for Air Force Vehicles, Sept. 1962,
38 p., incl. illus, tables, 8 refs., (ASD

TDR 62-579), AD 289 879.

• . . analysis shows that for communication
ranges of up to 4000 miles, air/ground commun-

ications at a 50-bit per second information rate
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is feasible for a dipole payload weight of 1500
pounds in a 2000-mile polar orbit• A sophis-
ticated modulation and demodulation technique
is envolved to overcome the effects of channel

adversities such as multipath spread and Doppler
smear• System analysis of an experimental
airborne complex is used to predict the degree
of performance of an experiment entitled Leap
Frog to determine feasibility of an air/ground
communication link.

COMMUNICATION VIA ARTIFICAL SCATTERS
PHASE II

W. Grosz, et al., General Mills_ Inc.,
Minneapolis, Minn., 15 Dec. 1962, Iv. incl.
illus, tables, 12 refs, Rept. no. 2353,
AD 401 672 and AD 406 835 and N63-22443.

. . . feasibility of establishing an effective
scatter propagation communication path below
the ionosphere has been further examined ....
would be free from interuption due to ionospheric
storms .... limited to a frequency range of
1 mc/s to 20 gc/s and an altitude of the artifical
scatters which is below the ionosphere . . .

(1) scattering by coherent grating arrays deployed
in the atmosphere; (2) active repeaters placed
on the ocean surface; and (3) scattering by a
cloud of randomly oriented artificial scatters in
the at_nosphere.

INVESTIGATION OF CHAFF COMMUNICATIONS

AT 5,000 MCPS
L. It• Bauer, et al., Radiation Inc., Melbourne,

Fla., Final rept. i Dec. - 31 May 1963, 31

May 1963, 157 p., AD 420 192.

An experimental and theoretical program was
carried out to investigate the use of chaff for
communication beyond the line-of-sight ....
The theoretical program included investigations
of bistatie scattering cross section for chaff
clouds, bandwidth and modulation effects,

diversity performance, acquisition and tracking
requirements and optimum antenna sizes. In

the experimental program, field tests were
conducted at 5 gigacycles .... A 10 lb. chaff

unit was dispensed over the receiver site by an
aircraft. The measured values of cross section

agreed with the predicted values to within the
experimental error ....

CORRELATION FUNCTIONS IN A TAPPED
DELAY LINE MODEL OF THE ORBITAL
DIPOLE CHANNELS

P. Bello, IEEE Trans. Inform. Th., vol. IT-9,
no. 1, Jan. 1963, p. 2/11.

. . . considers the properties of the tap gain

functions... Specifically, auto-correlation
and cross-correlation functions are computed
for these tap functions in terms of assumed
statistics for the motion of illuminated dipoles.
• • •

SIGNAL DESIGN FOR DISPERSIVE CttANNELS

R.S. Kennedy, et al., IEEE Spectrum,
Convention Issue, March 1964, p. 231/237,
9 refs•, A64-16463.
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. . o channels in which extended moving
media are used as reflectors, as in the case
of a belt of orbiting microwave dipoles ....

MODULATION TECHNIQUES FOR ORBITING
DIPOLE SCATTER COMMUNICATION

W• E• Morrow, Jr., Institute of the Aerospace
Sciences, Annual Meeting, 31st, New York,

N.Y., Jan• 21-23, 1963, Paper 63-66, 8 p•,
A63-11617.

Discussion of modulation techniques for
reliable long-range radio communication
invol_fimg the scattering of microwave radio

signals from belts of thin microwave dipoles
placed in orbit about the Earth. Multiplicative
disturbances of the scattering medium, which
complicate the design of modem (modulation-

demodulation) techniques for this type of prop-
agation, are discussed in detail. Tables are
included which present (1) the maximum
multipath time delay as a flmction of antenna
size, and (2) the incoherent detection
multiplicative loss factors.

OPTIMUM PULSE TRANSMISSIONS FOR
MULTIPATH CHANNELS

J. G. Proakis, et al., Lincoln Lab., Mass.

Inst. of Tech., Lexinton, 16 Aug. 1963,
38 p., Rept. no. 64G3, AFESD TDR63 i01,
AD 416 639.

• . o Probability of error expressions are

• . . generalizations of results obtaIned earlier
by Turin, Hahn, and Pierce. From these
expressions the optimum time duration for pulse
transmissions is computed for two channels --
the orbital dipole channel and the moon.

COLLISIORB BETWEEN WEST FORD NEEDLES
AND MICROMETEORITES

A. Sauval, Liege U., Inst. d'Astrophysique

(Belgium), Technical Note No• 2, 10 May 1963,
11 p., 37 refs., (AFCRL-63-649), N63-
17588•

Over a period of eight years, there are

enough collisions of micrometeorites with
needles of Project West Ford to break most
of them•

Related Publications:

DISTRIBUTED SATELLiTE CIRCUM-
GLOBAL COMMUNICATION TECHNIQUE
STUDY

R.E. Graham, et al•, Bell Telephone
Labs., Inc., New York, Rept. for 11

Jan. 1962 - 11 March 1963, 11 March
1963, 96 p•, RADC TDR 63 216,
AD 408 269.

• . . (6) studies to determine the

approximate cost of the ground equipment
for a complete system utilizing belts
of orbiting dipoles.

ANTI-JAM TROPOSPHERIC SCATTER
THE ORE TICA L ANALYSIS

ITT Communication Systems, Inc.,
Paramus, N. J., Final rept. 15
June 1963, 133 p., ESD TDR 64 218,
AD 431 197.

• . . effect of radar chaff on the

communication perfomrnace of trop-
ospheric scatter communication systems
using FDM-FM...

i. 667: Point-to-Point Space Channels

Included: Channel characteristics of Moon relays; Lunar reflection channels.

Not Included: Equipment descriptions of Moon relays (4A); Systems design of Moon relays (4A).

Cross References: Beyond line-of-sight satellite channels (1. 675); General references to space
communications channels (1. 602).

Principal Publications:

A LUNAR AND PLANETARY ECHO THEORY

W.E. Brown, Jr., Jet Propulsion Lab., Calif.

Inst. of Tech., Pasadena, 30 April 1960,
32 p., incl. illus., (Technical release no.
34-54), AD 240 772.

A relatively simple statistical approach is
used to derive a theoretical impulse response
of the lunar reflection... The same value

appears to be consistent with data from Gold-
stone and Millstone experiments. The echo

was assumed to consist of two components,
specular and scatter .... ratio of total scatter

power and toal specular power reflected (cpr)
is found to fall between 0.1 and 1.0. The depth

of the surface layer could be a great as 10 kin.

COMPUTATION AND MEASUREMENT OF
THE FADING RATE OF MOON-REFLECTED
UHF SIGNALS

S.J. Fricker, et al., J. Res. Nat. Bur. of

Stand., vol 64D, no. 5, Sept. - Oct. 1960,
p. 455/465.

EFFECTIVE BANDWIDTH MEASUREMENTS
USING THE MOON AND ECHO SATELLITE

R.E. Anderson, et al., l>roc. Nat. Electronics
Conf., vol. 17, Oct. 1961, p. 509.

The constantly changing multipath structures
of the lunar propagation path creates distortions
of several types on signals reflected from the
moon ....
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BANDWIDTH OF A MOON COMMUNICATION

CIRCUIT

J.V. Evans, Brit. J. Appl. Phys., vol 12,
no. 8, Aug. 1961, p. 406/409.

Radar studies of the moon by a number of
workers have shown that the principal reflec-

tions occur from a region at the center of the
visible disk having a radius of about one-tenth
of that of the moon• Thus it is possible to use
the moon as a reflector in a communication

system, and several successful systems of
this type have been demonstrated. This paper
describes measurements made at Jodrell Bank

to determine the single-channel bandwidth of

the system_using double-sideband amplitude-
modulated transmissions. It is found that the

demodulation of the signals caused by the

multiple scattering at the moon's surface
restricts the bandwidth to about + 1 kc/s,

although the demodulation does not appear
to increase rapidly at higher modulation
frequencies.

LUNAR REFLECTION STUDY

B. Claxton, et al., General Electric Co.,
Schenectady, N.Y., Final rept., pt. 1,
20 March 1962, 96 p•, incl. illus, tables,

25 refs., (ARCRL 62-300, vol. 1),
AD 276 233.

• . . A step-by-step approach is presented to
the design of a lunar reflection communication

system .... Limitations of the moon path

• . . distortion present on the reflected signals•
Methods for the calculation of signal strength,
moon availability, moon position, and libration
are given, as well as antenna formulas and

system noise temperature calculations.

LUNAR REFLECTION STUDY

B.H. Claxton, et al., General Electric Co.,

Schenectady, N.Y., Final rept., pt. 2,
31 Aug. 1962, 48 p., incl. illus, tables,
21 refs., (AFCRL 62-300, vol. 2)
AD 286 277.

The effective bandwidth of the lunar reflection
path was determined. Doppler shift, signal

strength, and amplitude fading of CW signals
were measured, and the results analyzed and
compared to theoretical predictions. Double
sideband suppressed carrier transmissions
centered at 915 Mc, with audio frequency
modulation to produce two signals separated in

frequency by a small amount, were reflected
from the moon and received. The amplitudes

of the two sidebands were separately recorded,
and their correlation coefficient computed to
give a measure of the quality of the circuit.
Forty-five determinations of the correlation
gave a value of. 26 =_ . 07, showing that the
coherent bandwidth of the moon reflection path

is extremely narrow• A standard word list was
expected... 74% of the moon-reflected words,

whereas 95% of the words on a similar list

presented without distortion but in the same
signal/white noise environment, were correctly

judged ....

A LUNAR ECHO STUDY AT 425 MCS

R.G. Mathis, Texas U., Austin, June 1963,
81 p., AD 415 812.

Since the first radar returns were received

from the moon in 1946, many investigators have
been studying the moon with radio signals . . .
These studies have utilized pulse lengths
ranging from a few microsecond to c• w. and
radar wavelength extending from a few
centimeters to several meters. One of the

primary needs has been to determine accurately
the nature of the reflection of electromagnetic

energy from the lunar surface. This means
that (1) the type of return must be determined
• . . (2) the area of the moon from which the
echo comes must be found and (3) a math-
ematical model of the moon must be derived
• . . Finding solutions to these three key

problems is the main purpose of this study...

WIDE BAND LUNAR RELAY COMMUNI-
CATIONS

W.M. Waters, et al., Electronic Communi-

cations, Inc., Timonium, Md. Final
rept. 16 May 1963, 39 p. , AFCRL 63 332,
AD 422 223.

• . . problem of increasing Lunar relay
bandwidth. An adaptive receiving array is
described which makes possible the use of

exceptionally large apertures capable of being
focused on a small spot on the Lunar surface.
However, an analysis shows that sidelobe effects

considerably reduce expected bandwidth gains.
A bandwidth of 25 kc is calculated for a 1000 ft.

square X-band array which employs a "maxi-
mum energy" taper. Between 256 and 1024
array elements are required.

Related Publications:

THE USE OF AN HF LUNAR REFLECTION

CIRCUIT IN THE STUDY OF IONOSPHERIC
ELECTRON DENSITY

J.R. Davis, et al., Naval Research Lab.,
Washington, D.C., 19 July 1963, 15 p., refs.,
(NRL-5968; AD 414 850), N64-15130.

A high-power HF transmitter has been used to
illuminate the moon at moon.rise. The returned

signals that have been observed display both the
smooth-sphere scattering components and the

rough-scatter components reported previously
by observers utilizing the VHF and UHF bands

BIBLIOGRAPHY OF BACKSCATTER AND
RELATED SUBJECTS

D.H. Lenhert, et al., New Mexico U.,

Albuquerque, Engineering Experiment Station,
June 1963, 43 p., 549 refs., N63-20249.

• • . (2) lunar surface properties . . .
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Section 1.67

Characteristics of Omnidirectional and Mobile Channels

Space communications systems incorporate links with the fastest moving terminals imaginable. Therefore,

space communications engineers are interested in the progress of all other mobile communications systems.

Omnidirectional systems may be systems with fixed or with mobile stations• They are usually designed as

broadcasting systems where many dispersed receiving stations listen in to one or more transmitting stations•
The problems of such channels are presented in subdivision 1. 672.

The other three subdivisions of this section deal with mobile systems on Earth, in the air and in space•

The latter subdivision concentrates on satellite communications links reaching beyond the line-of-sight
limit.

1. 672: Omnidirectional Communications Channels

Included: Broadcasting mode of communications; Television signal propagation characteristics.

Not Included: RADAS-type of communications systems (2); Radio central stations•

Cross References: Medium wave propagation characteristics (1.643); Terrain influence on

propagation (1. 635).

Principal Publications:

THE USE OF VERTICAL POLARIZATION TO

SOLVE UHF TELEVISION "GHOSTING"

PROBLEMS IN A SHADOWED VALLEY

D. W. Peterson, RCA Rev., vol. 19, no. 2,

June 1958, p. 208/215.

UHF Television broadcasting in hilly or

mountainous terrain suffers from "ghosting"

or multi-path reception in shadowed valleys. An

experimental study of the ghosting problem has

led to the conclusion that vertically polarized co-

channel amplifier boosters and passive boosters

will solve the problem of serving shadowed valleys.

New service can be rendered without denying any

existing service resulting from creation of a "mush"
area ....

REDUCTION OF CO-CHANNEL INTERFERENCE

BY PRECISE FREQUENCY CONTROL OF
TELEVISION PICTURE CARRIERS. PART II.

W. L. Behrend, RCA Rev., vol• 20, no. 2, June

1959, p. 349/364.

ERSTE ERGEBNISSE VON FARBFERNSEH-

AUSBREITUNGSVERSUCHEN IN DER

SCHWEIZ (First Results of Color Television

Propagation Tests in Switzerland) (In German)

K. Bernath, Nachrichtentech. Z. (NTZ), vol.
12, June 1959, p. 281/285•

EXPERIENCE WITH LONG-DISTANCE

TELEVISION FIELDS USED FOR

RETRANSMISSION

W. L. Braun, Commun. Electronics, no. 45,

Nov. 1959, p. 594/595.

• . . long-distance (100-150 miles) very-

high frequency propagation.., of wide-band

performances .... ultimate use as signal

sources for a community antenna system ....

V. H. F. SOUND BROADCASTING.

SUBJECTIVE APPRAISAL OF DISTORTION

DUE TO MULTI-PATH PROPAGATION IN

F. M. RECEPTION

R. V. Harvey, Proc. Instn. Elect. Engrs.,

Pt. B (London), vol. 107, no. 35, Sept. 1960,

p. 412/422.

The visibility of co-channel television inter-
ference has maxima and minima at carrier offset

frequencies which are multiples of frame

frequency• Earlier subjective tests determined

the reduction in visibility of co-channel inter-

ference which might be achieved by precise carrier

frequency control for the condition of one station,

at a 10- or 20-kilocycle offset, interfering with
the desired station.

Additional subjective tests have been made for

the following conditions: two offset stations

simultaneously interfering with a desired station;

an on-frequency station interfering with a desired

on-frequency station; and a series of tests with

moving pictures as the desired picture and as the
source of visual interference from a co-channel

station offset 10 or 20 kilocycles ....

In f° m. reception the delayed signals caused

by multi-path propagation result in unwanted

amplitude and phase modulation of the primary
signal, and consequent distortion of the

programme output of the receiver• The paper
describes the results of tests which were

carried out in simulated multi-path conditions

to determine the importance of the parameters

of both the received signal and the receiver in

influencing the subjective annoyance caused by
the distortion .... The use of pre- and de-

emphasis appreciably reduces the distortion,

being equivalent to a reduction of about 8 dB

in the amplitude of the delayed signal when the

path difference is about 16 km .... The

mechanism of multi-path distortion is discussed,

and the harmonic spectra of the distortion

shown for particular conditions ....
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PROBABILITIESOFINTERFERENCEWITH
MOBILEFIELDRADIODERIVEDFROMA
FIELD-STRENGTHSURVEYAT59Mc/s

D. R. Thomas,Proc.Instn.Electr.Engrs.
Pt. B(London),vol.108,no.39,May1961,
p. 264/272,25refs.

• . . experimental investigation of common-

and immediately-adjacent-channel interference

areas for mobile radio networks, based on a field-

strength survey at 59 Mc/s over flat and hilly

country in north-west Germany .... Particular

attention has been paid to investigating the

distribution of field strength at each distance,

which is shown to approximate closely to log-

normal. It is also established that the variance

of these log-normal distributions may be

considered to have a single value for each type

of country, irrespective of range. Protection

ratios acceptable for satisfactory operation are

determined from experimental observation of

common- and adjacent-channel interference ....

TELEVISION BROADCAST TRANSMITTER

SERVICE AREA PREDICTION

M. W. Davies, Proc. Instn. Radio Engrs.,

Australia, vol. 23, no. 10, Oct. 1962,

p. 555/575.

• . . service area of a television broadcast

transmitter... Iso-service diagrams for adjacent

channel and co-channel interference conditions

are described .... typified by considering
conditions for VHF transmitters in the Newcastle-

Sydney-Illawarra area of New South Wales ....

SOME CONSIDERATIONS OF TELEVISION

CHANNEL ALLOCATION

K. G. Dean, Proc. Instn. Radio Engrs. Australia,

vol. 24, no. 3, March 1963, p. 304/313.

• . . some aspects of the problem of positioning

a number of mutually interfering television

stations under certain idealized situations ....

Although the results of the analysis cannot be

used directly in planning a TV service, they draw

attention to some underlying factors, the signi-

ficance of which should not be ignored at the

detailed planning stage ....

CROSS-POLARIZATION WITH REFERENCE

TO TELEVISION PLANNING

D. E. MacDonald, et al., Proc. Instn. Radio

Engrs., Australia, vol. 24, no. 7, July

1963, p. 570/582.

• . . describes measurements taken of the

horizontally polarized component (E_) and the

vertically polarized component (Ev)'bf the
emissions of existing TV stations. In the

analysis, it is shown that the statistical

distribution with location of the parameter

E_/E. from one station, although currently

u_6d, Vdoes not provide a valid means of

estimating the improvement to be expected when

using cross-polarized transmitters as a means

of reducing interference .... Cross-

polarization should be of greatest use...

where the receiving location lies between the

wanted and unwanted stations• The analysis

relates to the effects of propagation and does

not take into account the problems of domestic

receiving aerial installations ....

COMPARATIVE STUDY OF LOW-VHF,

HIGH-VHF, AND UHF TELEVISION
BROADCASTING IN THE NEW YORK

CITY AREA

D. W. Peterson, RCA Rev., vol. 24, no. 1,

March 1963, p. 57/93.

• . . In 1961, the Federal Communications

Commission placed a UHF system in operation

in New York City for an extensive study aimed

at providing a quantitative measure of the

comparative merit of VHF and UHF television

transmission in large cities. A comparison

between the FCC UHF (channel 31) transmission

from the Empire State Building and existing

VIIF transmissions has also been made by RCA.

A comparative evaluation of picture degradation

from multipath propagation and of the

availability of useful levels of signal strength

in highly built-up parts of Manhattan were the

principal objects of study ....

ZUR AUSBREITUNG HORIZONTAL UND

VERTIKAL POLARISIERTER ULTRA-

KURZWELLEN IN VERSCHIEDENEN

GELANDEFORMEN BEI NIEDRIGEN

ANTENNENHOHEN (On the Propagation

of Horizontally and Vertically Polarized

VHF waves When Originating at Low

Antenna tteight in Various Kinds of Terrain)

(In German)

H. Widdel, Arch. Elekt. Uebertragung, vol. 17,

March 1963, p. 145/150.

• . . in level and hilly, open and timbered
terrain...

1. 673: Mobile Communications Channels on Earth

Included: Special propagation problems in mobile communications.

Not Included: Personal communications for astronauts (4D); Intercommunications in space craft

(4D); RADAS-type of systems (2).

Cross References: Doppler distortions (i. 613).
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Principal Publications:

PROBABILITIES OF INTERFERENCE WITH

MOBILE FIELD RADIO DERIVED FROM A

FIELD-STRENGTH SURVEY AT 59 Me/s.

Proc• Instn. Elect. Engrs• (GB), vol• 108B,

May 1961, p• 264/272, Paper 3472 E•

. • . experimental investigation of common-

and immediately-adjacent-channel interference

areas for mobile radio networks, based on a

field-strength survey at 59 Mc/s over flat and

hilly country in north-west Germany ....

MAJOR SYSTEM TRADEOFFS AMONG FIXED,

TRANSPORTABLE, AND MOBILE STA-
TIONS IN SATELLITE COMMUNICATION

SYSTEMS

A. Alma, et al., Conf. Proc. Nat. Conv• Mil.

Electronics, vol• 6, June 1962, p. 193•

Abstract only . . .

USE OF RADIO LINKS AND UHF RADIO

COMMUNICATION IN POWER SYSTEMS

(In Russian)

N• T. Babayev and V• V• Kulikov, Moscow-

Leningrad, Gosenergoizdat, 1963, 176 p•

• . . presents concise information on UHF

propagation, the organization of communication

via UHF, and the principles of multiplexing of

radio communication lines . • . descriptive

data, technical characteristics and basic cir-

cuits of radio-link equipment and mobile UHF

radio stations in Soviet production ....

AN ANALYSIS OF PCM TRANSMISSION VIA

SINGLE SIDEBAND

R. Gardner, et al•, RCA Defense Electronic

Products, New York, 1 May 1963, 191 p.,
AD 406 700.

° . • to determine the relative merits of single-

sideband transmission as against FM transmission

of multichannel (e.g. 12-channel) PCM signals,

for tactical radio relay equipment in the lower

portion of the UHF range and to recommend

immediate and long-range development plans • • •

GROUNDWAVE PROPAGATION EFFECTS ON

MICROSECOND PULSES AT 141 MCS

R. W. Heffner, IEEE Internat. Cony. Rec., Pt. 8,

vol. Ii, March 1963, p. 182/196.

• . . A test program was performed to

investigate the propagation effects around 141

mcs using microsecond pulses of different

carrier frequencies. These investigations used
omnidirectional antennas at the transmitter and

receiver locations• Antenna height at both
locations was twelve feet. The results to be

discussed are: a) propagation attenuation con-

tour; b) pulse stretching; c) selective fading and

enhancement of pulses within the time-frequency

matrix frame; d) backseatter pulse stretching,

and; e) polarization dependence .... only

limited information was applicable to the special
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wide band multiple pulse system requirements
of RACEP ....

DEVELOPMENT OF RADIO SET AN/GRC-103
D. F. Lee, et al., Canadian Marconi Co. Semi-

annual progress report no. 1, vol. 1, 31

March 1963, 1 v., Rept. no. 1,
AD 406 891•

• . . a transportable, medium-power radio

set capable of carrying 12 pulse-code-modulated

voice channels, operating on 0.5-mc spaced
channels in the UHF band ....

THE COLLECTION, DIGITAL PROCESSING,
AND SPECTRAL ANALYSIS OF MOBILE

RADIO-FADING SIGNALS, AND A THEO-
RETICAL MODEL FOR FADING DUE TO

BUILDING REFLECTIONS

J. F. Osanna, Jr., IEEE Internat. Cony. Rec.,

Pt. 8, vol. 11, no. 8, March 1963, p. 3.

• . . Knowledge of the statistical behavior of

mobile radio-fading signals can permit more

meaningful system study and design effort. For

example, the choice and design of automatic gain

control systems and systems involving data

transmission can be aided• This paper describes

the results of an analysis of the fading during

simultaneous transmission of two channels near

870 Mc. The collection, digitization, calibration,

and digital processing to obtain signal level and

level-crossing statistics, power spectra, and

cross spectra are discussed• A theoretical

model for the fading due to reflections from

buildings near the mobile station is described•

. . .

PARAMETER STUDY OF PULSED RADIO

FREQUENCY TRANSMISSION

Westinghouse Electric Corp., Baltimore, Md.,

Final rept., 15 Oct. 1963, 42 p., AD 424 390.

• . . for maintaining communications between

individual members of tactical fighting unit in a

limited war situation • • . considering the signalling
or communication problem associated with the

dense jungle environment . . . merits of wide-

band versus narrow-band FR pulses are investi-

gated so that an optimum choice of signal structure

(with respect to transmitted energy) can be estab-

lished. The system problem is studied in light

of the adverse jungle propagation losses that exist•

A jungle range equation is derived . . .

Related Publications:

FORWARD ACTING AUTOMATIC GAIN

CONTROL

A. L. Hopper, Proc. Nat. Electronics Conf.,

vol. 19, Oct. 1963, p. 358/370.

• . . good suppression of rapid fading in

mobile radio transmission when delays within

the FAAGC circuit are properly matched . . .
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1. 674: Airborne Communications Channels

Included: Air-to-air channels; Air-to-ground channels; Ground-to-air channels; Air-to-space
channels.

Not Included: Equipment design; Multiple access problems (2).

Cross References: Propagation in the lower atmosphere (1• 634); Ground reflections (1• 635).

Principal Publications:

REFRACTION ANOMALIES IN AIRBORNE
PROPAGATION

M.S. Wong, I>roe. IRE, vol. 46, Sept. 1958,
p. 1628/1638

DIGITAL COMMUNICATIONS BETWEEN
AEROSPACE VEHICLES AND STATIONS

ON THE GROUND

K• W. Otten, IRE Trans. Aerospace Navig.
Electronics, vol. ANE-9, no. 2, June 1962,
p• 58/66_ 23 refs•

A survey of the principal methods of improving
the reliability of long-range digital communi-
cation systems . • . Special modulation tech-
niques as well as redundant transmission of

pulses, redundant in time and in carrier fre-
quency, are described as methods to counter-
act the effects of multipath distortion in
connection with the proper special demodulation
and diversity reception techniques .... for
an air-to-ground communication system, in
which Doppler shift has to be considered in
addition to the multipath distortion, high
reliability can be obtained ff quantized fre-
quency modulation (QFM) and time redundancy

are properly applied ....

DESIGN OF RELIABLE LONG-DISTANCE
AIR-TO-GROUND COMMUNICATION
SYSTEMS INTENDED FOR OPERATION
UNDER SEVERE MULTIPATH PROP-
AGATION DISTURBANCES

K.W. Otten, IRE Trans. Aerospace Navig.
Electronics, vol• ANE-9, no• 2, June 1962,
p. 67/78.

• . . tutorial paper presents an introduction
to the problems of communications between
aerospace vehicles and stations on the ground.
The possible types of aerospace-to-ground
communication links are described and

classified according to the mode of signal
propagation and according to obtainable range.
The suitability of carrier frequencies throughout
the electromagnetic radiation spectrum from
very-low radio frequencies to light frequencies
is discussed for the various types of links ....
selection of modulation and demodulation

techniques.., practical value of digital

coding.., transmitter power requirement

MESSAGE STANDARDS FOR G/A/G DIGITAL
COMMUNICATIONS

ITT Communication Systems, Inc., Paramus,
N.J., 24 Sept. 1962, 10 p., Rept• no.
ICS62TR104, ESD TDR 64 228, AD 431 639•

• . . including digitally initiated voice
communications. It presents those message
characteristics for which common or

compatible standards between commercial
and military data systems are necessary.

PRELIMINARY RESULTS OF UHF AIR-TO-

GROUND PROPAGATION MEASUREMENTS
A.P. Barsis, National Bureau of Standards,

Boulder, Colo., Bedford, Mass., Electronics
Systems Div., July 1963, 36 p., refs.,
(ESD-TDR-63-422) AD 417 196, N64-15701.

• . . in the UHF band.., originate from
airborne transmitters at a nominal altitude of

23,000 ft. above east central Indiana • . • The
character of short-term fading at the various

receiving site depends quite markedly on the
direction of the flight pattern axis•

LONG RANGE V.H.F. AIR/GROUND

COMMUNICATIONS

D.B. Clemow, et al•, J. Brit. Instn. Radio
Engrs., vol• 25, no. 1, Jan. 1963,
p. 17/32•

In recent years among airlines and civil
aviation administrations interest has developed

in the use of v. h• f. radiotelephony for air
ground communications at ranges much in
excess of those conventionally regarded as the
maximum obtainable .... tests conducted

from an experimental station in the Persian
Gulf. • .

AUTOMATISCHE DATENUBERMITTLUNG

BODEN-BORD-BODEN (Automatic Ground-
Air-Ground Data Transmission) (In German)

J. Eraser, Luftfahrttechnik Raumfahrtte chnik,
vol• 10, Feb• 1964, p• 53/55, A64-16047.

Delineation of the important considerations
which must be taken into account in the planning
and construction of an automatic ground-air-
ground communications system using digital

computers. Requirements are briefly considered
for: communications channel, modulation tech-

niques, transmission velocities, problems of
error control . . . interrogation networks, and
data presentation.

352



1.675

• ' GROUND-AIR-GROUNDDATATRANSMISSION
SYSTEMSTESTS

A. J. Uryniak,RADC,Griffiss Air Force Base,
N.Y., July 1963, 21p., RADC RAU TM 63 2,
AD 414 629,, N63-20749.

• . . to check the feasibility of Air/Ground/Air
Narrow Band FSK Data System utilizing frequency

diversity and doppler correcting techniques ....
These tests were conducted between RADC's

Ava Test Annex and a KC-135 flying to California
and Alaska .... It can be concluded . • . trans-

mission is feasible, resulting in reliability and
error rates equivalent to ground point-to-point

systems operating within similar effective
power ranges and antenna gains.

OPERATIONAL TEST AND EVALUATION FAA

SINGLE CHANNEL RADIO, TV-20/U
TRANSMITTER, RV-7/U RECEIVER,
COAXIAL AND CIRCULARLY POLARIZED
ANTENNAS

Air Force Communications Services, Scott Air
Force Base, Ill., Final rept., Aug. 1963,
16 p., AD 417 930.

• . . equipment capable of operating with 50

KC channel spacing . . . consideration of "off-
shelf" items . • . provided improved communica-
tions over existing equipment . . . Anticipated
improvements in circuit design, channel spacing,
and state of the art over existing VHF equip-
ments .... were not evident•

AIRBORNE COMMUNICATION SYSTEM.

MARCOM RELAY, PHASE I,
Bell Telephone Labs, Inc., Whippany, N. J•,

Quarterly progress rept. no. 5, 15 June-
15 Sept. 1963, 15 Oct. 1963, 83 p.,
AD_o424 617.

• . . to gather and analyze information on air-

to-air and ground-to-air microwave propagation
and transmission. The findings will aid in pre-
dicting the capabilities of multichannel microwave
communication systems using airborne radio
relay stations ....

Related Publications:

FAA DEVELOPMENT IN AIRCRAFT DATA
COMMUNICATIONS

W. R. Deal, IRE Trans. Aerospace Navig.
Electronics, vol. ANE-9, no. 2, June 1962,

p. 79/84•

• . . During the past four years active devel-
opment and evaluation programs have been con-

ducted . . . major effort was spent on the devel-
opment and evaluation of an experimental
"Automatic Ground-Air Communication System"
referred to as AGACS. This two-way time
division multiplex system was designed primarily

for operation at 750 bits per second, and pro-
vided both frequency-shift keyed carrier (FSK)
and tone-shifted amplitude-modulation (FSK-AM)
options ....

ANALYSIS OF AFSK-QFM TEST DATA
ITT Communication Systems, Inc., Paramus,

N.J., 24 Sept. 1962, 5p•, Rept. no. 62 TR103,
ESD TDR 63 695, AD 430 584•

Ground-to-air transmissions are superior to

air-to-ground transmissions for both quenching
frequency modulation (QFM) and automatic fre-
quency shift keyers (AFSK) and for both equip-
ments AN/ARC-65 and AN/ARC-58 ....

1. 675: Special Channel Characteristics of Satellite Links

Included: Beyond line-of-sight satellite links•

Not Included: Re-entry links; Telemetry links (4B); Optical space links (3B).

Cross References: General references to space communications chanels (1.602).

Principal Publications:

MULTIPATH IN THE HIGH IONOSPHERE

L. C. Humphrey, et al., Proc, Nat. Aeron,
Electronics Conf., vol. 8, May 1960,
p. 387/395.

• . . the need will coon arise for communi-
cation between space vehicles.., communica-

tion between high orbiting vehicles may be
carried on at frequencies below a megacycle.
One reason for such a procedure occurs when
non-directional antennas are used since the
basic transmission loss is less at lower
frequencies.

EXPERIMENTS FOR FEASIBILITY STUDY OF

TROPOSPHERIC SCATTER PROPAGATION
BETWEEN THE EARTH AND SATELLITES

W. J. Hartman, et al., National Bureau of

Standards, Boulder, Colo., 1 Dec. 1962,
15 p., NBS rept. 7625, AD414771.

Proposed experiments are described...

THE SCREENING EFFECT OF THE IONO-

SPHERE (Correspondence)
B. C. Potts, Proc. IRE, vol. 50, no. 9,

Sept. 1962, p. 1980.

• . . reflection of CW signals from the
vicinity of an artificial earth satellite . . .
usually carried out at frequencies just above
the critical frequency of the ionosphere where
the largest effects are expected ....

ionospheric screening is important .... the
inclusion of ionospheric screening in statistical
studies of CW reflection is essential in order

to obtain good correlation ....

OPTIMUM FREQUENCY PREDICTION
TECHNIQUES FOR SATELLITE COMMUNI-
CATION BEYOND LINE-OF-SIGHT PATHS

A. W. Biggs, et al., Rec. Nat. Commun.
Syrup., vol. 9, Oct. 1963, p. 139/145.
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• . . Orbital paths are above and below

the F2 region of the ionosphere. Require-

ments for propagation beyond and within line-

of-sight paths are established as functions of

the critical frequency• Results for a

representative orbit include effects of

diurnal, seasonal, geographical, and sunspot

activity from 1965 through 1970 ....

FARADAY ROTATION NEAR THE TRANSVERSE

REGION OF THE IONOSPHERE

G. A. Dulk, Ballistic Research Labs., Aberdeen

Proving Ground Md., April 1963, 32 p., AD
406 222.

Some of the equations usually used to describe

Faraday rotation are incorrect for the case of

propagation through an anistropic magnetic field

when the cosine of the angle between the magnetic

field and the wave normal changes sign along the

ray path. Such a case is common when trans-

missions are from a high altitude satellite in the

region of the ionosphere where the direction of
propagation is nearly perpendicular to the earth's

magnetic field. Use of the uncorrected equations
can result in a misinterpretation of the data. The

corrected equations are given and are shown to be

consistent with measured Faraday rotation...

FEASIBILITY OF COMMUNICATION WITH

SATELLITES BY MEANS OF TROPOSPHERIC

SCATTER

W. J. Hartman, National Bureau of Standards,

Boulder, Colo., 1963, lv., AD 405 801.

Theoretical methods are developed for
predicting the transmission loss over a tropospheric"

scatter path from a point on the earth to a satel-

lite. The results indicate that presently available

equipment allows reliable communication to only

very slightly beyond the radio horizon. Some of

the difficulties encountered in designing experi-

ments to test the theoretical predictions are in-

vestigated.

FACTORS AFFECTING EARTH-SATELLITE

MILLIMETER WAVE-LENGTH COMMUNI-

CATIONS

A. W. Straiton, et al., (IEEE Millimeter and

Submillimeter Conference, Orlando, Fla.,

Jan. 7-10, 1963.), IEEE Trans. Microwave

Theory Techniques, vol. MTT-11, Sept. 1963,

p. 296/301, 10 refs., A64-11516.

Discussion of the possible use of millimete,

wavelengths for satellite transmissions, by em-

ploying the large bandwidths and high gain with

small antennas possible at these wavelengths

. . . The attenuation through the entire atmos-

phere over the millimeter spectrum is given as

a function of elevation angle of the antenna beam.

. . . Refraction by the atmosphere is less than
one milliradian... Fluctuations due to refrac-

tion may, however, be quite severe.., antenna

temperatures from the atmosphere, the Earth, the

Sun and Moon are given for Earth-based antennas

and antennas in space.

Section 1.68

1.680: Various Other Communications Channels

Included: Surface communications on other celestial objects; Special still unexplored propagation effects.

Cross References: General references to space communications channels (1. 602).

Principal Publications:

RADIO AND RADAR EXPERIMENTS

Commun. Electronics, vol. 7, no. 4, April

1960, p. 286.

Our American Correspondent discusses a

newly-discovered radio propagating channel

in the lower atmosphere which may provide a
reliable means of intercontinental communi-

cations. Details are also given of Man's first
radar contact with the Sun.

PRELTMINARY INVESTIGATION OF LUNAR

SURFACE COMMUNICATIONS

J. P. Ferrara, et al., (American Astronautical

Society, Symposium on Manned Lunar Flight:
American Association for tl_e Advancement of

Science, Annual Meeting, 128th, Proceedings,

Denver, Colo., Dec. 29, 1961.), IN: Advances

in the Astronautical Sciences, Vol. X-Manned

Lunar Flight, North Hollywood, Calif.,
Western Periodicals Co., 1963, p. 251/264,

A63-17902.

• . . utilization of medium radio frequencies

for beyond-line-of-sight transmission on the
surface of the Moon. Ground-wave field intensity

is calculated as a function of distance and fre-

quency. The effects of cosmic noise, receiver

parameters, and the field intensities are com-

bined in a plot of maximum range vs frequency for

a given transmitter power.
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. 1.701

DIVISION 1.7:

NOISE AND DISTURBANCES IN TRANSMISSION CHANNELS

Division 1.7 contains references to publications on all kinds of distrubances which enter communications

channels somewhere in the transmission medium. These disturbances are in general independent of the

transmission signals. They will be present even in the absence of useful signals.

Two large classes of noise are not included in the references of this division. One class is extra-terrestrial

noises, such as radiations from the Sun, the planets, the galaxy and other celestial sources. These radia-

tions are the subject of a special branch of space research (radio astronomy) and the large number of publi-

cations makes it impractical to list them as a subdivision of channel disturbances. The other class of noise

to be excluded is so-called circuit noise. This is closely linked to components, circuits and equipment

design, which are not included in this bibliography. Circuit noise has been the subject of intensive investi-

gations during the last three decades and there appears no need to assemble a detailed bibliography at this

time. There is, however, a subdivision (1. 702) within the general section, which lists a number of books

and surveys on the subject of circuit noise. These references may guide the reader to older publications
in this area.

Two other closely related subjects are not considered in this division. They are the subject of equipment

interference (electromagnetic compatibility) and the subject of noise sensitivity of the various modulation

systems (noise immunity). The reason for the first omission is its close association with equipment design,

The exclusion of the second subject is based on the fact that most problems in this area are referenced in
other divisions in connection with the various modulation methods.

All other kinds of channel disturbances and related problems are arranged in five sections. The first is

again the analytical section dealing with Gaussian and non-Gaussian noise. This is followed by sections

about natural noise, man-made disturbances, communications noise and jamming.

Section 1.70:

General Information on Noise

1. 701: Noise and Disturbances in General

Included: Books and surveys on noise.

Not Included: Electromagnetic compatibility problems; Extra-terrestrial noise sources; Noise
measurements.

Cross References: Fundamentals of statistical mathematics (Sect. 1.11); Noise characteristics

of various analog modulation methods (Div. 1.2); Noise characteristics of various digital modula-

tion methods (Div. 1.3); Noise characteristics of pulse communications methods (Div. 1.4); Noise

characteristics of pulse code modulation (Div. 1.5); Surveys of thermal agitation noise (1. 702).

Principal Publications:

METHODS OF SOLVING NOISE PROBLEMS

W. R. Bennett, Proc. IRE, vol. 44, May 1956,
p. 609/638.

THE SYNTHESIS OF ATMOSPHERIC FORMS

AND THE EFFECTIVE PARAMETERS OF

THE LOWER PART OF THE IONOSPHERE

AT LOW FREQUENCIES

L. Al'pert, et al., Radio Engrg. & Electronics,

vol. 4, no. 2, 1959, p. 65/77.

THE VERY LOW-FREQUENCY EMISSIONS

GENERATED IN THE EARTH'S EX-
OSPHERE

R. M. Gallet, Proc. IRE, vol. 47, Feb. 1959,
p. 211/231.
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LE BROUILLAGE DES IMAGES DE TELEVISION

PAR LES SIGNAUX PARASITES (The Disturb-

ances of Television Pictures by Noise and

Interference) (In French)

L. Goussot, L'Onde Electrique, vol. 39, May

1959, p. 352/361.

CIRCUIT THEORY OF LINEAR NOISY NET-

WORKS

H. A. Haus and R. B. Adler, New York:

John Wiley and Sons, Inc., 1959, 79 p.

EFFECTS OF NOISE IN TELEVISION TRANS-

MISSION

T. Kilvington, J. Televis. Soc., vol. 9, Jan.-

March 1959, p. 26/31.
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CCITTRECOMMENDATIONSFORMULTICHAN-
NELRADIORELAYSANDWHITENOISE

C.A. Parry,Commun•andElectronics,May
1959,p• 107/117.

INFORMATIONTRANSMISSION,MODULATION,
ANDNOISE:A UNIFIEDAPPROACHTO
COMMUNICATIONSYSTEMS

M.Schwartz,NewYork,McGraw-HillBook
Co.,Inc., 1959,461p.

OBSERVATIONSOFATMOSPHERICRADIO
NOISE

G.R•A. Ellis,Nature,vol. 186,no.4720,
April 1960,p. 229.
Recentobservationsofradionoiseata

frequencyof5kc/sappearsfrequentlyto
comefromsourcesoflimitedgeographical
size.

SOMEPROBLEMSCONCERNINGNOISEIN
WIDE-BANDCARRIERSYSTEMS

S.Janson,etal., EricssonTech.,vol. 16,
no.1, 1960,p•3/42.

TRANSMISSIONPERFORMANCEINPRES-
ENCEOFCIRCUITNOISE

F. Markman,EricssonTech.,vol•16,no.
2, 1960,p. 165/206.

Comprehensiveworkontransmission
performancein thepresenceofcircuitnoise
ofdifferenttypeshasbeendoneduringthe
lastdecadebytelephoneadministrations• . .
andtheCCITTLaboratoryinGeneva....
tests.., weremadeusingtheAENtechnique;
asthismethodsuffersfrommanyserious
artificialitiesanewmethod,basedonthe
opinionsofordinarytelephoneusers,hasbeen
adoptedbythe. • . CCIT.... Resultsob-
tainedfrombothmethodsaregiven....

NOISE IN A PCM TRANSMISSION SYSTEM

H. Scheftelowitz, Ericsson Tech., vol. 16,

no. 2, 1960, p. 207/244.

The different noise sources in a p. c• m.

transmission system have been evaluated and

their impact on the overall signal-to-noise

ratio calculated• Formulae are given which

show the signal-to-noise ratio in relation to

repeater spacing ....

INTERFERENCE SUPPRESSION IN HOUSE-

HOLD APPLIANCES

F• A. Thebridge, Proc• Instn. Radio Engrs.,

Australia, vol. 21, no. 9, Sept. 1960, p•
577/580•

VYDELENIE SIGNALOV NA FONE

SLUCHAINYKH POMEKH (The Isolation of

Signals in a Background of Random Noise)

(In Russian)
L• A. Vainshtein and V. D. Subakov, Moscow,

Izd• Soy. Radio , 1960, 448 p.

• . . deals with the use of statistical methods

for determining and evaluating the optimum

means of isolating signals in different back-

grounds of statistical-type interference ....

Part I . . . optimum linear filters . . . Part

H . . . general theory of optimum receivers,

• . . problem of checking statistical hypotheses.

• . . different cases of detecting useful signals

and the evaluation of their unknown parameters.

• • . Part Ill . . . problems in interference

theory . . . statistical description of certain

types of interference . . . intended for scienti-

fic workers, engineers, students and instruc-
tors . . •

PROPRIETES STATISTIQUES DU BRUIT DE

FOND (Statistical Characteristics of Noise),

(In French)

A. Blanc-Lapierre, B. Picinbono, Paris,

Masson, 1961, 104p•

NOISE AND RANDOM PROCESSES

J. R• Ragazzini, et al., New York U. Coil. of

Engineering, N. Y•, Oct. 1961, 35 p•,

(Tech. rept. 400-40), AD 269 567.

• • . theory of noise and random processes
in electronic devices was developed in two states

• . . first stage . . . nature and effects of noise
in vacuum tubes and circuits. The second

stage, initiated by Wiener • . . established the

theoretical basis for synthesizing systems which

optimized the transmission and detection of sig-

nals in the presence of noise . . . Only high-

lights and significant stepping stones in the de-

velopment of the theory are described•

BRUIT RADIOELECTRIQUE D'ORIGINE TER-

RESTRE (Radio Noise of Terrestrial Origin)

{In English)

F. Horner, Amsterdam, Elsevier Publishing

Co. , 1962, 203 p.

NOISE AND FLUCTUATIONS: AN INTRODUC-

TION

D• K. C• MacDonald, New York, John Wiley

and Sons, Inc., 1962, 100 p.

• . . emphasis is on basic physical principles.

• . . Arguments are based on experiments and

physical intuition . . .

NOISE AND RANDOM PROCESSES

J. R. Ragazzini, et al., Proc. IRE, vol. 50,

May 1962, p. 1146/1151.

COMMUNICATION IN RANDOM OR UNKNOWN

CHANNELS

C. K. Rushforth, Stanford Electronics Lab.,

Stanford U., Calif., July 1962, 62 p. incl.

illus., 19 refs., (Rept. no. SEL-62-086;

Technical rept. no. 2004-6), AD 283 083.

• . . problem of communicating in the presence

of random or unknown multiplicative disturbances

• . . signal selection . . . design and evaluation

'of the associated receiver .... optimum signals

for a known channel can be the worst possible
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signalsfortheunknownorrandomchannel....
Evaluationoftheerrorprobabilityforthetrans-
mitted-referencesystemforvarioussituations
indicatesthat,forafixedsignal-to-noiseratio,
theerrorprobabilityincreasesasthetime-
bandwidthproductincreases•
ROCKETOBSERVATIONSOFVERYLOW

FREQUENCYRADIONOISEATNIGHT
D. G•Cartwright,PlanetaryandSpaceScience,

vol.12,Jan.1964,p• 11/16,10refs.,A64-15082.

Observationof diffusewhistlers,withsome-
timesasingleecho,duringanighttimerocket
flight;nonewereobservedonthegroundatthe
sametime• . . Abandofhiss,centeredat
about2.8kc,2kcwide,anddeeplymodulated
byspin,wasalsoobservedattherocketbut
notontheground.It is suggestedthat,evenat
night,manymoreVLFphenomenacanbeob-
servedabovetheionospherethanontheground•

EFFECTIVEANTENNATEMPERATUREFROM
TERRESTRIALANDCOSMICNOISEINTHE
0.1-TO40•0-GcBAND

A. Naparstek,InstituteofScienceandTech.,U.
ofMichigan,AnnArbor,March1963,41p.,
AD406215.

• . . foranantennaviewingamultitudeofdis-
creteanddistributedradio-frequencynoisesources
• . . comprehensivereviewandanalysisof current
knowledgeofandavailabledataonradiofrequency
noiseofterrestrialandextraterrestrialoriginin
the0.1-to40.0-Gcfrequencyband... The
reportalsoshowshowtodeterminerealistic
boundsfortheeffectiveantennatemperatureof
ante,nnaslocatedinaerospace.

A NOTEON"VERYNOISY"CHANNELS
B. Refifen,LincolnLab.,Mass.Inst.ofTech.,

Lexington,June1963,5p., AD416195.

• . . a 'verynoisy'channelis defined.This
definitioncorrespondstomanyphysicalchannels
operatingatlowsignal-to-noiseratio.... the

1.702

computationcutoffratefor sequentialdecoding,
R(comp),is showntobeone-halfthecapability,
C . . .

CONTRIBUTIONS TO SIGNAL AND NOISE

THEORY

D. Slepian, IEEE Trans. Inform• Th., vol.

IT-9, no. 4, Oct. 1963, p. 229/233, 115
refs.

DIVERSITY RECEPTION OF NONFADING

FREQUENCY SHIFT KEYING

J. K. Wolf, Rome Air Development Center,

Griffiss AFB, N. Y., Jan. 1964, 23 p., refs.,
RADC-TDR-63-475; AD 431 870, N64-17302.

• . . Both a noncoherent receiver system and

a coherent receiver system are considered . . .

compared for both manmade and natural
interference . . .

A STUDY OF "PROPAGATION MEDIUM RF

NOISE"

Smyth Research Associates, San Diego, Calif.,

Interim engineering rept. no. 3, Jan.-March

1964, March 1964, 29 p., Rept. no. 384,
AD 433 630.

The effects of the propagation medium noise

upon long distance, line-of-sight, tropospheric
microwave circuits are examined .... modu-

lates the phase, amplitude, and angle of arrival

of the signal .... phase noise (time frequency
noise) will not be serious in the case of trans-

mission between fixed terminals if the video

bandwidth is properly chosen. In particular, fre-

quency components of less than 0.1 cps should be

excluded by the video filter• The angle of arrival

noise (space frequency noise) may become seri-
ous if fixed antennas with beamwidths of less than

one degree are used. The amplitude modulation,

which is apparently due to some sort of atmos-

pherically modified multipath situation, lead to

25 db fades for a period of time which will be

important for high reliability circuits. When

one or both of the terminals are moving, the

effects of the propagation medium noise should

be considerably more serious ....

1.702: Reviews of Thermal Agitation Noise

Included: Books, surveys, reviews on circuit noise; Reviews of transistor noise•

Not Included: Physics and theory of noise in electronic devices; Low noise components; Low noise

amplifiers; Noise in parametric amplifiers; Masers; Lasers (3B); Noise in millimeter wave

components (3B).

Cross References: Fundamentals of statistical mathematics (Sect• 1.11); Noise characteristics of

various analog modulation methods (Div. 1.2); Noise characteristics of various digital modulation

methods (Div. 1.3); Noise characteristics of pulse communications methods (Div. 1.4); Noise

characteristics of pulse code modulation (Div. 1.5); Surveys of thermal agitation noise (1. 702).

Principal Publications:

NOISE IN ELECTRON DEVICES

L. D. Smullin and H. A. Haus (editors), London,

W.C. 2, Chapman & Hall Ltd., 1958, 413 p.

THE AUTOCORRELATION AND THE POWER

SPECTRUM OF NONSTATIONARY SHOT

NOISE

L. P. Hyv_rinen, Acta Polytech. Scandinavica,

1958, p. 23.
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THE SPECTRAL DENSITY OF THE A.M.
NOISE IN REFLEX KLYSTRONS

H. Haggblorn, Proe. Inst. Elect. Engrs., London,

pt. /3, 106, no. 30, Nov. 1959, p. 497/500.

THE SECOND-ORDER DISTRIBUTION OF

INTEGRATED SHOT NOISE

J. Keilson, et al., IRE Trans. Inform. Th.,

vol. IT-5, no. 2, June 1959, p. 75/77.

THE SPECTRUM OF FLICKER NOISE

A. N. Malakhov, Radio Engrg. & Electronics,

vol. 4, no. 1, 1959, p. 86/100.

NOISE THEORY FOR HOT ELECTRONS

P. J. Price, IBM J. Res. Developm•, vol. 3,
no. 2, April 1959, p. 191/193.

FLUCTUATION PHENOMENA IN SEMI-

CONDUCTORS

A. van der Ziel, /3ethesda, Maryland, Butterworth,

Inc., 35S, 1959, 168p.

AMPLITUDE DISTRIBUTION OF SHOT NOISE

E. N. Gilbert, et al., Bell Syst. Tech. J., vol.

39, no. 2, March 1960, p. 333/350.

A NOTE OF THE LOCAL STRUCTURE OF SHOT

NOISE

R. A. Silverman, IRE Trans. Inform. Th., vol.

IT-6, no• 5, Dec. 1960, p. 548/550.

It is shown how to construct shot noise which,

like the turbulent velocity field, is quite accurately

univariate normal, but exhibits marked departures

from bivariate normality at close ranges . . .

NOISE AND INTERMODULATION PROBLEMS

IN MULTICHANNEL CLOSED-CIRCUIT

TELEVISION SYSTEMS

C. A. Collins, et al., Commun. Electronics, vol•

80, no. 57, Nov. 1961, p. 486/491•

In the past decade there has been a rapid

growth in communication facilities designed to

transmit television (TV) signals relatively short

distances over coaxial cables. These systems

handle six or more video signals which ampli-

tude-modulate (AM) r-f (radio-frequency)

carriers in the 8- to 220-mc (megacycle)

range. The associated audio signals frequency-

modulate (FM) r-f sound carriers whose rest

frequencies are 4.5 mc away from their asso-

ciated picture carriers .... This paper will

discuss two problems . . . thermal noise and

intermodulation products created by amplifier

nonlinearity ....

VARIATION OF L.F. NOISE FIGURE OF A

JUNCTION TRANSISTOR

S. Deb, et al., J. Brit. Instn. Radio Engrs.,

vol. 21, no. i, Jan. 1961, p. 49/56.

UBER DAS RAUSCHEN VON STROMI,OSEN

WIDERSTANDEN UND ttALI_ELEMENTEN

(Noise in Current-free Resistors and in Hall

Elements) (In German)

C. 13. /3urckhardt, et al., Arch. Elekt.

Ucbertragung, vol. 16, Dec. 1962, p.
597/599.
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• . . It is pointed out that the formula for

thermal noise of a resistor, which is often

called H. Nyquist's formula, was derived about

16 years earlier by G. L• de Haas-Lorentz
and H. A. Lorentz. This deviation, which is

based on a thermodynamic treatment, is given
because of its lucidness and because it seems

to be little-known. The result of course is the

same as H. Nyquist's. Furthermore a treat-
ment of thermal noise of Hall-elements is

given ....

ON THE TWO-GENERATOR METHOD (en, in)

OF NOISE CHARACTERIZATION

{Correspondence)

H. F. Cooke, Proc. IRE, vol. 50, no. 12, Dec.

1962, p. 2520/2521.

A system of noise measurement first pro-

posed by Rothe has been gaining popularity

recently as a method for noise characterization

of transistors at low frequencies ....

A COMPARISON BETWEEN THERMAL AND

QUANTUM NOISE IN RADIO RECEPTION

C. Ducot, Philips Res. Rep., vol. 17, no. 4,

Aug. 1962, p. 382/392.

• . . comparison between disturbances due to

thermal agitation and signal-energy quantization

in radio reception, extended up to optical fre-

quency ranges . . . disturbing effect of photon

quantization in the received signal . . .

INCOHERENCE, QUANTUM FLUCTUATIONS,
AND NOISE

I. R. Senitzky, Phys. Rev., vol. 128, no. 6,

Dec. 1962, p. 2864/2870.

An examination is made of the relationship be-

tween the uncertainty principle and minimum

amplifier noise. First, the concept of coherence

is discussed, and an incoherence parameter is

defined in terms of the uncertainty that enters into

the uncertainty principle. Harmonic oscillator

states are examined for coherence. The concept
of noise is then discussed and contrasted with in-

coherence, noise referring to behaviour in time

of a single system while incoherence involving

comparison among members of an ensemble. It

is shown, with illustrations, that the two concepts

are different, and that an incoherent field of a

cavity need not exhibit noise.

THE FUNDAMENTAL NOISE LIMIT OF LINEAR

AMPLIFIERS (Correspondence)

R. M. Bevensee, Proc. IEEE, vol. 51, no. 1,

Jan. 1963, p. 245.

The question of thc noise limit of a linear

amplifier is far more subtle than Heffner's quick

article suggests. In this note . . . three facets

of the question; 1) the noise limit as given by

lteisenbcrgts Uncertainty Principle is usually

unrealistically low, 2) noise must generally be

regarded as a time-varying, nonstationary

phenomena, and 3) a complete analysis must

include the noise introduced by the source of

energy as well as by the dissipation mechanism.
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NOISI_.MEASUREMENTSIN FIELD-EFFECT
TRANSISTORS(Correspondence)

W•C.Bruncke,Proc•IEEE,vol•51,no•2,
Feb•1963,p• 378/379•

VanderZielhasgivenatheoryofnoisein
field-effecttransistors.It is theaimofthisnote
to comparesomepredictionsofthistheorywith
experiment....

NOISEBEHAVIORIN SEMICONDUCTOR
DEVICES

E. G.Fonda,ElectronicIndustries,vol.23,
April1964,p• 72/78,12refs•,A64-16939•

• • • akeytransistordevicedesign.Briefly
consideredarethedifferenttypesofnoiseand
theirorigin,andit is shownhowminimumnoise
figure(NF)canbesecuredfortransistorcircuit
design....

HIGH-FREQUENCYNOISEIN PROBES
IMMERSEDIN GASDISCHARGES

A. R. Galbraith,etal., Physica,vol.29,
Nov.1963,p. 1165/1173,A64-13470.

• . • Thenoisebelow30Mcwasmeasured
withapreamplifierfollowedbyaradioreceiver
andaquadraticdetector....

RESEARCHONSOLIDSTATENOISEDEVICES
AnnualScientificReport(June13,1962-July
31,1963)

R•H. Haitz,CleviteCorpoPaloAlto,Calif.,
ShockleyLab•,Aug.1963,99p., 28refs.,
N63-23376•

• . . Thisreportis concernedwithtwo
problems:(1)theinvestigationofthebasic
mechanismsofavalanchbreakdownand(2)their
applicationtothegenerationofhigh-amplitude
whitenoisewithconsiderabletemperature
independence. . .

A METHODFORSUPPRESSINGPHOTO-
MULTIPLIERNOISE

R. W.Hill, etal., CaliforniaU., Livermore,
LawrenceRadiationLab.,Jan.1, 1963,
10p., 7refs., N63-17537.

• . • Sincenoisepulsesoccuratrandomand
theindividualsignalpulsesarecorrelatedbythe
decaytimeofthescintillator,it ispossibleto
separatethesignalpulsesduetotwoor more
photoelectronsfromthenoisebymakinguseof
thistimecorrelation.

INTERNALNOISE
R.B. Muchmore,IN: SPACECOMMUNICATIONS,

EditedbyA. V. Balakrishnan,NewYork,
McGraw-tIillBookCo.,Inc., 1963,p. 71/84,
18refs., A64-11234.

• . . definitionsofnoisefigureandnoise
temperature. . . characteristicsofthermal
noise,shotnoise,andspontaneous-emission
noise....

ETUDEDUBRUITDEFONDDANSLES
JONCTIONSp-nDEGERMANIUMA COURANT
DEGENERATION(StudyoftheNoisein
GermaniumFunctions)(InFrench)

M.Savelli,etal., Ann.Telecomm.,vol.18,
no.7-8,July/Aug•1963,p. 163/172.

GATENOISEIN FIELDEFFECTTRANSIS-
TORSATMODERATELYHIGH
FREQUENCIES

A.vanderZiel, Proc.IEEE,vol.51,no.3,
March1963,p. 461/467•

NOISEIN MULTI-DIMENSIONALELECTRON
STREAMS

C. P.Wen,ElectronPhysicsLab.,U.of
Michigan,AnnArbor,March1963,202p.,
AD406863.

STUDYOFNOISEIN SEMICONDUCTOR
DEVICES

MinnesotaU., Minneapolis,Quarterlyrept•no.1,
1Aug.-30Nov.1963,30Nov.1963,1v.,
AD436874.

Equipmentfor stabilizingtheoperatingpoint
ofFET'sandforpulsingGaAslasershasbeen
builtnoisemeasurementsonCrystalonicsFET's
atlowtemperaturerevealedanexcessnoise
thatisnotofthegeneralization-recombination
types....

Related Publications:

TECHNIQUES OF MICROWAVE NOISE
MEASUREMENT

B. G. Bosch, et al., J. Brit. Instn. Radio

Engrs., vol. 21, no. 6, June 1961, p•
503/515, 30 refs.

• . . some aspects of microwave oscillator

noise . . . various techniques of noise measure-

ment. The latter include a.m. and f.m. direct

detection and superheterodyne methods as well

as systems for the measurement of correlation•
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Section 1.71

Analysis of Noise and Disturbances

Reviews of publications in statistical mathematics are in section 1.11. In particular, there are references

to recent publications on Gaussian processes and on special distributions of other random processes.

Subdivision 1. 119, on the experimental evaluation of statistical populations, may be of special interest.

This section deals with applications of statistical mathematics in the analytical treatment of Gaussian and

non-Gaussian noise processes• Subdivision 1. 716 has examples of the analytical treatment of problems

concerning the passage of signal plus noise through various circuits• The collection of references in this

area is not complete• Only some references have been selected for demonstrating the application of noise

analysis; there is no intention to cover the wide field of circuit analysis with random input excitation.

Similar restrictions have been applied in the selection of references for the subdivision 1. 714 and 1. 715.

The subdivision 1. 717 on pulsive noise analysis is to be considered in conjunction with subdivision 1. 743 on

pulsive noise in telephone circuits• Most publications in this area report on experimental observations,

but they usually also contain an analytical section. To save space, we avoided duplicate entries of
references.

1.711: Assessment Measures for Noise and Distrubances

Included: Scale of measurement for noise; Physical attributes of noise; Numerical magnitudes

to assess the influence of disturbances; Definition of signal-to-noise ratio; Signal contrast; Units
for noise•

Not Included: Equipment for noise measurement.

Cross References: Experimental evaluation of statistical populations (1. 119); Computer
simulation of noise and disturbances (1. 719).

Principal Publications:

CARRIER-TO-NOISE STATISTICS FOR VARIOUS

CARRIER AND INTERFERENCE CHAR-

ACTERISTICS

K. K. Clark, et al., Proc. IRE, vol. 46, May

1958, p. 889/895.

EQUIVALENT CIRCUITS OF NOISY NETWORKS

L. Young, Electrical Engrg., vol. 30, April

1958, p. 205/207•

SOME RESULTS ON NOISE THROUGH CIRCUITS

W. M. Brown, IRE Trans. Circuit Theory,
vol. CT-6, May 1959, p. 217/227.

NOISE PARAMETERS IN VHF-UHF CIRCUIT

DESIGN

C. Metelmann, Electronic Industr., vol. 18,

July 1959, p. 90/93•

DIE STORWIRKUNG BEI UNGLEICHMASSIGER

SPEKTRALVERTEILUNG DER STORSCHWAN-

LUNGEN (The Effect For Uneven Spectral

Distribution of Disturbances) (In German)

E. Sennhenn, Elektronische Rundschau, vol. 13,

Jan. 1959, p. 9/12.

EVALUATION OF MESSAGE CIRCUIT NOISE

A. J. Aikens, et al., Bell Syst. Tech. J., vol. 39,

no. 4, July 1960, p. 879/909, 16 refs.

• . . measuring some physical attribute of

the electrical noise such that two noises that

are judged to be equally interfering are

assigned approximately equal numerical

magnitudes. To give meaning to such mag-

nitudes, the scale of measurement is related

by way of subjective assessment into terms

useful to telephone engineering ....

characterization of the relative interfering

effect of single-frequency noise components

and the way the ear combines these compo-
nents to indicate the total effect. The

correlation between a noise measurement and

its associated over-all end-effect may be made
by finding the transmission-loss equivalent

of the noise being measured or by the direct

application of telephone-user opinions

expressing degree of transmission satisfaction•

UNITS FOR CURRENT NOISE

P. L. Kirby, et al., Electronic Engrg.,
vol. 32, no. 389, July 1960, p. 412/413.

REPRESENTATION OF NOISE IN LINEAR

TWOPORTS

Proc. IRE, vol. 48, no. 1, Jan. 1960, p. 69/74•

PARASITIC MODULATION CAUSED BY

SMALL ADDITIVE NOISE

E. L. Blokh, et al., Radio Engng: Transl. of
Radiotekhnika, vol. 17, no. 11, Nov. 1962,

p. 3/13.
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Generalrelationsarederivedfor thesignal/noise
ratiowhenacarrieris actedonbysmalladditive
noise.A geometricinterpretationoftheproblemis
given.Asanexample,acarrierintheformofa
sequenceoftrapezoidalpulsesis examined•The
possibilityofcompensatingtheparasiticmodulation
byvariationofunmodulatedparametersofthe
carrieris discussed....

NOISEFIGURES,NOISETEMPERATURES,AND
SYSTEMSENSITIVITY

P. H. Enslow,Jr., StanfordElectronicsLab.,
StanfordU., Calif., 10July1961,111p.,
(Tech.rept.516-2},AD265552.

• . . definitionsoftermsusedin systemsnoise
work.., aunifieddevelopmentof7noisetem-
peraturesencounteredinthisfield,withtables
showingtherelationshipsamongthemandtheir
uses.Ageneraltechniquefor calculatingthe
sensitivityofareceiveris presentedand3examples
aretreatedindetail:thesimplecrystal-video
system,thecrystal-videoreceiverwithRFpre-
amplification,andthesuperheterodynesystem.All
systemsaredividedinto2classesfor whichthe
calculationsaresimilar:receivershavingonlya
simpledetector,andthosehavingsomeformof
linearamplificationprecedingthedetector.The
finalanalysisofthenoiseperformanceofthe
systemrequiresacomparisonofthepre-detection
excessnoise.

A COMPLETELYCONSISTENTDEFINITIONOF
TEMPERATURESENSITIVITYINCLUDING
NEGATIVECONDUCTANCEDEVICES
(Correspondence}

S.T. Fisher,Proc.IRE,vol.50,Feb.1962,
p. 2O4.

• . . themostwidely-usedcriterionofreceiver
sensitivityis thenoisefigure.... Another
criterion,whichtheauthorbelievestobefarmore
usefulthannoisefigure,is thetemperature
sensitivityorsystemnoise-temperatureofthe
receiver.Thisquantityrefersthetotalnoisein
thesystemtothereceiverinputandexpressesit
indimensionsof degrees Kelvin•

CONFIDENCE INTERVALS AND SAMPLE SIZES

IN THE MEASUREMENT OF SIGNAL AND

NOISE POWERS, SIGNAL-TO-NOISE RATIOS

AND PROBABILITY OF ERROR

J. Holsinger, Lincoln Lab., Mass. Inst. of

Technology, Lexington, 3 Jan. 1963, 42 p.

incl. illus, 9 refs., (Rept. no. 34G-9), AD 295
133.

The estimation errors involved in both discrete

and continuous estimates of certain parameters of

a Gaussian random process is considered ....
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PEGELANGABEN IN DER UBERTRAGUNGS-

TECHNIK (Level Indication in Transmission

Techniques) (In German)
W. Zaiser, Nachriehtentech. Z., vol. 16,

Sept. 1963, p. 461/463, 11 refs., A63-24422.

Description of the new "C-message weighting

curve" for signal noise. Reference is made to

a nomogram with 14 scales which covers white

noise in the low frequency range from 0.3 to
3.4 ke.

Related Publications:

A NEW MEASURING SET FOR MESSAGE

CIRCUIT NOISE

W. T. Cochran, et al., Bell Syst. Tech. J.,

vol. 39, no. 4, July 1960, p. 911/931.

• . . The sensitivity of the set is such that
it can detect--90 dbm. This value is chosen

as the new reference for measurement and is

defined as "zero dbrn" . . .

FLUCTUATIONS FROM THE NONEQUILIB-

RIUM STEADY STATE

M. Lax, Rev. Mod. Phys., vol. 32, no. 1,

Jan. 1960, p. 25/64.

Method of Solving Markoffian Noise Problems

Connections with Onsager, Einstein, Langevin,
and Thevenin

Generalizations of Our Method to Continuous

Parameters and Nonlinear Systems

SITE NOISE AND ITS CORRELATION WITH

VEHICULAR TRAFFIC DENSITY

A. G. Ellis, Proc. Instn. Radio Engrs. Australia,
vol. 24, no. 1, Jan. 1963, p. 45/52.

In the VHF and UHF ranges, one of the major

parameters associated with the prediction of

radiotelephone system performance is the
effective noise factor. This factor is a com-

bination of the receiver's internal noise factor,

a relatively small and constant component, and

another noise factor, called the site noise

factor, which assesses the intensity of the noise

fields enveloping the receiver's antenna• Although

this latter component has long been known to

vary from site to site, its magnitude for planning

purposes has hitherto been arbitrarily set at

one of several discrete levels, the one chosen

being determined solely by the size of the city

in the vicinity of the site. This paper shows

that predictions of greater accuracy are obtained
when the site noise is related to the nearby

traffic density, and as a result of measurements
taken at various sites in Victoria and New South

Wales, suggests the law between them ....



1.712 °

1. 712: White Gaussian Noise

Included: Duration of noise peaks; Number of overshoots in normal noise; Zero-crossing problem

for normal noise; One-sided barrier problem.

Not Included: Physics of noise sources; Circuit noise analysis•

Cross References: Zero-crossing problem of Gaussian processes (1. 112).

Principal Publications:

MATHEMATICAL ANALYSIS OF RANDOM NOISE

S. O. Rice, Bell Syst. Tech. J., vol. 23, July

1944, p. 282/332; vol. 24, Jan. 1945, p. 46/158.

TIME STATISTICS OF NOISE

W. M. Brown, IRE Trans. Inform. Th., vol. IT-4,

no. 4, Dec. 1958, p. 137/144.

• . . measurements on noise are usually time

averages.., called time statistics•

SIMULTANEOUS VARIATION OF AMPLITUDE

AND PHASE OF GAUSSIAN NOISE, WITH

APPLICATIONS TO IONOSPHERIC FORWARD-

SCATTER SIGNALS

T. Hagfors, et al., Proc. Instn. Elect. Engrs.,
Pt. B, vol. 105, Nov. 1958, p. 555/559.

FLUCTUATIONS OF RANDOM NOISE POWER

D. Slepian, Bell Syst. Tech. J., vol. 37, no. 1,

Jan. 1958, p. 163.

The probability distribution of the power, y, of

a sample of Gaussian noise of time duration T is

considered• Some general theory is presented

along with curves for the cumulative distribution

and probability density of y for several different

power spectra and values of T.

ZEROS OF GAUSSIAN NOISE

G. M. White, J. Appl. Phys., vol. 29, April

1958, p. 722/729.

GENERATION OF A SAMPLED GAUSSIAN TIME

SERIES HAVING A SPECIFIED CORRELATION

FUNCTION

M. J. Levin, IRE Trans. Inform. Th., vol. IT-6,

no. 5, Dec. 1960, p. 545/548.

A computationally convenient method is presented

for simulating a sequence of sampled values of a

stationary Gaussian process having a specified

correlation function or power spectrum• Z-transform

theory is applied to provide a simple recursive

formula for generating the values from a set of

independent Gaussian random variables•

PROBABILITY DENSITY FOR THE DURATION

OF FLUCTUATIONS

V. I. Tikhonov, et al., Radio Engng: Transl.

of Radiotekhnika, vol. 15, no. 9, 1960,

p. 10/24, 15 refs.

• . . study• . . of three approximate methods

of calculating the probability density for the

duration of the peaks of normal stationary

fluctuations and certain experimental results

are given• The field of application of the
various methods is shown by comparing the

theoretical probability densities with the

experimental results.

EXPERIMENTAL INVESTIGATION OF THE

DURATION OF NOISE PEAKS

A. I. Vclichkin, et al., Radio Engng: Transl.

of Radiotekhnika, vol. 15, no. 10, 1960,

p. 28/35.

The probability density of the duration of

peak periods and intervals between peaks is

experimentally determined at different levels

of Gaussian noise and Rayleigh noise ....

THE AXIS CROSSINGS OF A STATIONARY

GAUSSIAN MARKOV PROCESS

J. A. McFadden, IRE Trans. Inform• Th.,

vol. IT-7, no. 3, July 1961, p. 150/153.

• • . In a stationary Gaussian Markov

process (or Ornstein-Uhlenbeck process) the

expected number of axis crossings per unit

time, the probability density of the lengths of

axis-crossing intervals, and the probability
of recurrence at zero level do not exist as

ordinarily defined . . . In This paper new
definitions are presented and some asymptotic

formulas are derived.

SOME COMBINATIONS OF NOISE SIGNALS

(Correspondence)

K. Abend, Proc. IRE, vol. 50, no. 12, Dec.

1962, p. 2518/2519•

• . . two independent Gaussian noise signals

. . . The cumulative distribution function of

N i . . . The density function of a full-wave

rectified noise signal...
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ZERO-CROSSING INTERVALS OF GAUSSIAN

PROCESSES

A. J. Rainal, IRE Trans. Inform. Th., vol. IT-8,

no. 6, Oct. 1962, p. 372/278•

• . . Probabilities and probability densities

defined by the zero-crossing points of Gaussian

processes having various power spectral densities

are presented• At present none of the probabilities

or probability densities can be derived explicitly

by analytical methods. The results are compared

with theoretical approximations ....

THE ONE-SIDED BARRIER PROBLEM FOR

GAUSSIAN NOISE

D. Slepian, Bell Syst. Tech. J., vol. 4, no. 2,

March 1962, p. 463/501.
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PREFACE TO NORTH PAPER

L. Blake, Proc. IEEE, vol. 51, no. 7, July 1963,
p. 1015/1027.

This classic report, written in 1943 by Dwight
O. North, appears here for the first time in a
publication readily available to the engineering
profession, although it was issued as a military-

security-classified report during World War II
(RCA Laboratories Report PTR-6C, dated June

25, 1943)• It is reprinted here because of its
historical importance and because it is still a
basic but otherwise unavailable reference of

great value in current research ....

A GENERALIZATION OF A MARKOFF

ENVELOPE PROCESS (Correspondence)
R. Esposito, Proc. IEEE, vol. 51, no. 12,

Dec. 1963, p. 1792.

It is well known that the envelope of the output
of a high-Q single tuned RLC filter is a first-order
Markoff process when the filter input is white
Gaussian noise. The purpose of this communica-
tion is to show that the same result holds true

for the perturbation of the envelope of a steady
oscillation supported by a nonlinear element in

parallel with the single tuned circuit driven by
a white noise current ....

THE ZERO-CROSSING PROBLEM

H. Levenbach, Queen's U., Kingston (Canada),
Sept. 1963, 116 p., refs., (Res. Rept. 63-4),
N64-16943.

• . . expository survey of the zero-crossing
problem is presented.., concerned with the

probabilities and probability densities defined by
the zero-crossing points of a stationary random
process. At present none of the probabilities
or probability densities can be derived explicitly
by analytical means• . . applied to the case of the

gaussian processes.., comparing the empirical
and theoretical results• Finally, a complete list
of the mathematical, physical, and engineering

references is compiled, including those of
closely related topics•

PERIODOGRAM FOR COMPLEX GAUSSIAN

RANDOM PROCESSES (Correspondence)
C. L• Mehta, IEEE Trans. Inform. Th.,

vol. IT-10, no. 2, April 1964, p. 165.

Much interest has recently been shown in
the complex Gaussian processes (1)-(5). A
well known property of a real Gaussian

process is that only the second-order moments
are sufficient to describe the process
completely, since all the higher-order moments
are expressible in terms of second-order ones
(6) ....

ZERO-CROSSING INTERVALS OF RANDOM
PROCESSES

A. J. Rainal, Carlyle Barton Lab., Johns

Hopkins U., Baltimore, Md., April 1963,
41 refs., Technical rept. no. AF-102,
AD 401 148.
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A digital system for studying the zero-
crossing intervals of random processes is
described. Probabilities and probability
densities defined by the zero-crossing points

of various Gaussian processes are presented•
• . . sine wave plus a Gaussian process. •
• . . At present none of the probabilities or
probability densities can be derived explicitly
by analytical methods .... correlation
coefficients for two successive intervals are

presented. The first moments associated

with the probability densities are compared
with the exact theoretical values.

ERROR OF THE GAUSSIAN APPROXIMATION

(Correspondence)
D. Silber, Proc. IEEE, vol. 51, no. 9, Sept.

1963, p. 1259.

By the Central Limit Theorem, the
probability density function of the sum of a

number of independent random variables
having arbitrary (within the validity of the
Central Limit Theorem) probability densities
approaches a Gaussian density as the number

of added random variables becomes large.
An assumed Gaussian density for the sum of
a finite number of random variables will have

an error that decreases (assuming the same
probability density for each added random
variable) as the number of added variables
increases.., there is little information in the
literature on evaluation of the error. In

particular, information concerning the error
of the "tails" (of interest in finding the
probability of false alarm) is lacking.
Following is an evaluation of this error for

rectangular individual densities, carried out
with the aid of a digital computer ....

DISPERSIIA CHISLA VYBROSOV V REALIZA-

TSIIAKH NORMAL'NOGO SHUMA

KONE CHNOID LITE L'NOSTI (Dispersion
of the Number of Overshoots in a Normal

Noise of Finite Duration) (In Russian)
V.I. Tikhonov, Radiotekhnika i Elektronika,

vol. 9, Jan. 1964, p• 45/52, 10 refs.,
A64-15779.

• . . formulas for the dispersion number of
"positive" zeros in a normal stationary noise

with the Gaussian spectral density ....

Related Publications:

THE AXIS-CROSSING INTERVALS OF RANDOM
FUNC TIONS--II

J.A. McFadden, IRE Trans. Inform. Th.,
vol. IT-4, no. 1, March 1958, p. 14/24.

CORRELATION FUNCTION AND POWER

SPECTRA OF RADIO LINKS AFFECTED
BY RANDOM DIELECTRIC NOISE

D.S. Bugnolo, IRE Trans. Antennas Pro -
pagation, vol. AP-7, April 1959, p. 137/
141.
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• . . of an electromagnetic wave by an ex-
tension of the notions of time-variable linear
networks ....

STATISTICAL ANALYSIS OF NOISE-SIGNA L
AMPLITUDES

D• Hoffman, et al., Electronics, vol. 32,
no. 24, July 1959, p. 48/50•

DETECTABILITY OF SMALL IRREGULARITIES
IN A BROADBAND NOISE SPECTRUM

C.I. Maline, MIT, Res• Lab•, no• 52, Jan.
1959, p. 139/142.

ON THE USE OF LAGUERRE POLYNOMIALS
IN TREATING THE ENVELOPE AND
PHASE COMPONENTS OF NARROW-
BAND GAUSSIAN NOISE

I.S. Reed, IRE Trans. Inform• Th., vol. IT-5,
no. 3, Sept. 1959.

The joint probability density of the envelope
of a Gaussian process at two different times is

expanded by the use of Hardy's identity into a
series involving Laguere polynomials. It is
shown how this result may be used to estimate
the cross-correlation function of the output
of two quite general envelope-distorting
filters.

ON THE CHARACTERISTIC FUNCTION OF A
STATIONARY RANDOM PROCESS WITH

GAUSSIAN ENVELOPE (Correspondence)
R. Esposito, Proc. IRE, vol. 50, no. 9,

Sept• 1962, p. 1997.

• . . two recent letters to the editor by
Bunkin and Gudzenko . . .

SIGNAL SPACE, MODULATION, AND BAND-
WIDTH

J.M. Kirshner, Conf. Proc. Nat. Conv. Mil•

Electronics, vol. 6, June 1962, p. 149/153.

The concept of signal space allows one to
apply geometric principles to waveforms used
in communication. Its use enables a number of

interesting conclusions to be drawn ....

2. Orthogonality of Functions • • • 3• Modula-
tion, Demodulation, and the Sampling Theorem
• • • 4. The Sampling Theorem and Separation
of Channels . . • 5• Noise and Channel Capa-
city.. • 7. Rotation of Coordinates and the
Number of Independent Channels . • • 8• Ortho-
gonality of Gaussian Noise Signals ....

ON THE LENGTHS OF INTERVALS IN A STA-
TIONARY POINT PROCESS

J.A. McFadden, J. Royal Statistical Society,
Series B (Methodological), 24:2, p. 364/382,
1962, AD-403 555.

Relations are given between the various proba-
bility functions and moments are considered.
Two different random variables are introduced

for the lengths of intervals, according to whether
the measurement is made from an arbitrary event

or beginning at an arbitrary time, and their
properties are compared. In particular, new
properties are derived for the correlation coef-

ficients between the lengths of successive inter-
vals. Examples are given .... application to
the theory of binary random processes and to
the zeros of a Gaussian process•

THE NORMAL BIVARIATE DENSITY FUNCTION
AND ITS APPLICATIONS TO WEAPON SYS-

TEMS ANALYSIS, A REVIEW
H.C. Sebring, General Electric Co., Philadel-

phia, Pa. , 10 April 1962, 27 p. , AD 412 332.

• . . It is discussed in terms of probability
area in a plane, and as a correlation surface.
Several numerical methods of solving the normal

bivariate distribution double integral are pre-
sented, and a curve is included for converting
elliptical error distributions to circular probable
errors. Regression and correlation coefficients
are discussed ....

ON THE BINARY DATA TRANSMISSION ERROR

HATES DUE TO COMBINATIONS OF GAUS-
SIAN AND IMPULSE NOISE

L.R. Halsted, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 3, Dec. 1963, p. 428/435•

Error rates are computed for a binary data
transmission system subject to both Gausstan and

impulse noise. The rates are displayed as a func-
tion of )_ T where T is the signal duration andX -1

is the average time between noise pulses• Poisson-
distributed impulse noise and periodically recur-
ring noise pulse clusters are considered ....

The computed error rates illustrate, for data
transmission systems subject to impulsive
interference, the reduction in error rate that

can be realized by increasing the signal dura-
tion. The simultaneous transmission of

orthogonal signals is discussed. This makes it
possible to use signals having a long duration
without reducing the data rate or causing inter-
signal interference; this can be done without

requiring additional bandwidth ....

1•713: Stationary Noise in General

Included: Wide band non-Gaussian noise;
noise.

Colored noise; Non-white noise; Frequency dependent

Cross References: Band limited gaussian noise; (1.714); Markov processes (1.113); Non-
gaussian processes (1.114); Special distributionsof random processes (1.117); Pulsive noise
analysis (1.717); Pulsive noise analysis (1.717); Pulsive noise in communications facilities(1.743).
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Principal Publications:

SOME SPECTRAL PROPERTIES OF

WEIGHTED RANDOM PROCESSES

H.S• Shapiro, et al., IRE Trans. Inform•
Th., vol. IT-5, no. 3, Sept. 1959,
p• 123/128•

THE PASSAGE OF WHITE AND FREQUENCY-
DEPENDENT NOISE THROUGH AN
AMPLIFIER WITH A LOW Q-FACTOR

G. V• Voishvillo, et al•, Radio Engng: Transl.
of Radiotekhnikda, vol. 15, no• 12, 1960,
p. 29/34•

• . . assumed.., only.., one-way
t_ansmission • • • phase distortion does not
occur. The Gaussian noise present consists

of one part of white noise and one-part of
coloured or narrow-band noise of fLxed power
but arbitrary spectral density• The transmitter
is fed with data which have a fixed information

rate, and generates signals of finite duration
and limited power, with certain restrictions on
spectral content .... A binary coded 2-signal

system is compared with a system using error r
correcting codes, and also with a multi-signal
system, the systems being rates according to
the tolerated noise level.

• . . results are given of calculating the
mean square noise voltage at the output of an
amplifier with a low Q-factor consisting of
one to three stages, in the presence of noise
with a constant spectral density, or noise

which varies according to the law i/f, at
the output.
The results are used to determine the ratio
of the maximum instantaneous value of the

pulse signal to the mean square noise voltage
in the output circuit of the amplifier ....

ON THE APPROACH OF A FILTERED
PULSE TRAIN TO A STATIONARY
GAUSSIAN PROCESS

P• Bello, IRE Trans. Inform. Th•, vol.
IT-7, no• 3, July 1961, p. 144/149.

• . . output of a narrow-band filter when
the input is wide-band non-Gaussian noise

of a certain class, and the bandwidth of the
narrow-band filter approaches zero. The
non-Gaussian input consists of a train of

pulses having identical waveshapes, but
random amplitudes and phases.

DATA TRANSMISSION OVER A NOISY
GAUSSIAN CHANNEL

L.H. Zetterberg, K• Tekn. Hogsk. Handle,
no• 184, 1961, 87 p., 46 refs.

EXPERIMENTAL INVESTIGATIONS OF THE

PEAKS OF THE SMOOTHED ENVELOPE OF
QUASI-SINUSODIDAL NOISE (Translation)

V.T. Goriainov, Telecommunications and Radio
Engineering, Part II - Radio Engineering,
March 1963, p• 1/8, A63-21031.

Description of a method for obtaining
oscillograms of the smoothed envelope of quasi-
sinusoidal noise. A method of processing the
oseiUograms to determine the statistical
characteristics of the peaks of the smoothed

envelope is given ....

DETECTION OF SIGNALS IN COLORED NOISE

B. Harris, New York U., Col. of Engineering,

N.Y. May 1, 1962, 39 p., (NASA CR-50348;
Tech. Memo. 25), N63-17231.

The basic concepts . • • are extended to
include the case of additive non-white gaussian
interference, i. e•, that interference where the
noise power per unit bandwidth is not the same
at all frequencies. It is found that with nonwhite

as with white noise, the correlation techniques
are optimum, but the received signal is not
correlated with the possible message signals,
but with modified signals obtained from the
characteristics of the message signals and the
noise power spectrum ....

I.714: Bandlimited Gaussian Noise

Included: Two channel systems; Noise in partially correlated channels; interchalmel correlation
in filter banks; Narrow band Gaussian noise; Generalized envelope.

Not included: Bandfilter theory and design.

Cross References: Noise through nonlinear devices (1. 715); Signal plus noise in circuits (1. 716).

Principal Publications:

AN EXPERIMENTAL INVESTIGATION OF
SOME PROPERTIES OF BAND-PASS
LIMITED GAUSSIAN NOISE

K• Blotekjaer, IRE Trans. Inform. Th., vol.
IT-4, no. 3, Sept. 1958, p. 100/102.

The probability distribution of time intervals
between successive zero crossings of band-pass
limited Gaussian noise is determined experi-

mentally for a number of different filters having

nearly rectangular frequency characteristics•
For one particular filter the distribution of

time intervals between crossings of levels
different from zero is also found.

ENVELOPES AND PRE-ENVELOPES OF
REAL WAVE FORMS

J• Dugundji, IRE Trans. Inform. Th., vol.
IT-4, no. 1, March 1958, p. 53/57.

• . • Rice's formula is very cumbersome
• • . different formula.. • easier to handle

analytically•

365



1• 714 °

SUBJEKTIVE MESSUNGEN UBER DEN

EINFLUSS DER SPITZENHALTIGKEIT

VON BANDPASSRAUSCHEN AUF DIE

EMPFIDNDUNG DER LAUTSTARKE

(Subjective Measurements of the Influence
of the Density of Noise Peaks in Band-
Limited Noise on the Sensation of

Loudness) (In German)

H. Ntese, et al•, Hocb_frequenztech• u•

ElektAkust, vol. 66, March 1958, p. 150/

160.

A MARKOFF ENVELOPE PROCESS

J•N. Pierce, IRE Trans. Inform. Th•, vol.

IT-4, no• 4, Dec• 1958, p• 163/166.

It is shown that the envelope of a narrow-

band Gaussian noise constitutes a first-order

Markoff process if the power spectrum of the

noise is the same as would be obtained from

a singly tuned RLC filter with white noise at

the input.

DISTRIBUTION OF THE DURATION OF FADES

IN RADIO TRANSMISSION: GAUSSIAN
NOISE MODE L

S.O. Rice, Bell Syst. Tech. J., vol. 37,

no• 3, May 1958, p• 581/635.

The fluctuations of a received radio signal

due to fading are assumed to behave like the

envelope of narrow-band Gaussian noise•

Estimates of the distribution of the fade lengths

for various depths of fades are given, and

relations which may be useful in analyzing

fading data are derived• A similar problem

involving the separation of the intercepts of

noise current itself, instead of its envelope,

is also discussed.

DENSITY OF DISTRIBUTION OF INTERVALS

BETWEEN ZERO OF A NARROW-BAND

NORMAL STATIONARY RANDOM PROCESS

L.I. Bialyi, Radio Engrg. & Electronics,

vol. 4, 1959, p° 266/269.

A PROPERTY OF THE GENERALIZED

ENVELOPE

J• L• Brown, Jr., IRE Trans. Circuit Theory,

vol. CT-6, no. 3, Sept• 1959, p• 325.

• . . envelope of a narrow-band signal has a

mean-square value which is twice the mean-

square value of the original signal.

INTERCHANNEL CORRELATION IN A BANK

OF PARALLEL FILTERS

J. Galejs, et al., IRE Trans. Inform. Th•,
vol• IT-5, no. 3, Sept• 1959, p. 106/117•

The first-order effects of interchannel noise

correlation on the false alarm and incorrect

dismissal probabilities are computed for a

bank of parallel RLC filters by expanding the

envelope distribution of the n filter outputs in

a power series.

A THEOREM ON CROSS CORRELATION

BETWEEN NOISY CHANNELS

J. Keilson, et al. , IRE Trans. Inform. Th.,

vol• IT-5, no. 2, June 1959, p. 77/79•
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ON THE USE OF LAGUERRE POLYNOMIALS

IN TREATING THE ENVELOPE AND PHASE

COMPONENTS OF NARROW-BAND

GAUSSIAN NOISE

I•S• Reed, et al•, IRE Trans. Inform• Th.,

vol. IT-5, no• 3, Sept. 1959•

The joint probability density of the envelope

of a Gaussian process at two different times is

expanded by the use of Hardy's identity into a

series involving Laguerre polynomials. It is

shown how this result may be used to estimate

the cross-correlation function of the output of

two quite general envelope-distorting filters•

PROPAGATION OF BAND LIMITED NOISE

(Correspondence)

M.W• Smith, et al., J• Acoust• Soc. Amer•,
vol. 32, no. 4, April 1960, p. 512/514•

FREQUENCY DIFFERENCES BETWEEN TWO

PARTIALLY CORRELATED NOISE CHANNELS

J. Galejs, IRE Trails• Inform. Th., vol. IT-7,

no. 2, April 1961, p. 72/81•

• . . which contain dissimilar Gaussian,

rectangular or triple-tuned RLC band-pass

filters are calculated. For noise channels

that differ only in time delay, a proportionality

between rate of change of instantaneous fre-

quency and the difference frequency is assumed.

For dissimilar filters, an approximately

equivalent single filter-time delay process is

defined...

AN ESTIMATE OF THE VARIATION OF A

BAND-LIMITED PROCESS

A. Papoulis, IEEE Trans. Inform. Th.,
vol. IT-10, no. 1, Jan. 1964, p. 72/74•

Upper and lower bounds are established

for the mean-square variation of a stationary

process X(t) whose power spectrum is

bounded by Wc, in terms of its average power

P0 and the average Pl of its derivative ....

Related Publications:

TWO NOTES ON A MARKOFF ENVELOPE

PROCESS (Correspondence)

C•W. Helstrom, IRE Trans. Inform. Th.,

vol. IT-5, no. 3, Sept• 1959, p. 139/140.

• . . envelope of the output of a lfigh-Q

singly tuned RLC filter is a first-order Markoff

process when the filter input is white Gaussian

noise .... proot of this . . .

MATCHED FILTERS FOR MULTIPLE

PROCESSES (Correspondence)

A.V. Balakrishnan, IRE Trans. Inform. Th.,

vol. IT-7, no 1, Jan. 1961, p. 52.

By a multiple process is meant a q-dimen-

sional (real-valued) vector stochastic process•

As is well-lmown, a matched filter is defined for

one-dimensional processes as one that mini-

mizes the noise-to-signal ratio. Now, in the

multiple process case we can define noise-to-

signal ratio in several ways and it is the purpose

of this note to examine the corresponding
matched filters.
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1.715: Gaussian Noise Through Nonlinear Devices

Included: Amplitude distorted Gaussian noise; Noise after coherent detection; Band pass limiter
output; Infinitely clipped noise; Post detection statistics of noise; Integrated white noise;
Rectified narrow band noise; Limited Gaussian noise.

Not Included: Theory of coherent detectors (2); Post detection statistics of signals and noise (2);
Detection and decision theory (2).

Cross References: Special distributions of random processes (I. 117).

Principal Publications:

THE EFFECT OF INSTANTANEOUS NON-
LINEAR DEVICES ON CROSS-CORRELATION

R. Leipnik, IRE Trans. Inform. Th., vol. IT-4,
1958, p. 73/76.

If X(t), X2(t ) are two noises (stochastic
processes), f and g are functions describing the
action of two instantaneous nonlinear devices,
we say that the (m, n) cross-correlation
property-holds .... whenever f and g are
polynomials of degrees not exceeding m and n,
respectively.

THE FOURTH PRODUCT MOMENT OF
INFINITELY CLIPPED NOISE

J.A. McFadden, IRE Trans. Inform. Th.,
vol. IT-4, no. 4, Dec. 1958, p. 159/162.

A USEFUL THEOREM FOR NONLINEAR
DEVICES HAVING GAUSSIAN INPUTS

R. Price, IRE Trans. Inform. Th., vol. IT-4,
p. 69/72.

NOISE OUTPUT OF BALANCED FREQUENCY
DISCRIMINATOR

D. Slepian, Proc. IRE., vol. 46, March 1958,
p. 614.

THE SPECTRUM OF LIMITED GAUSSIAN
NOISE

F. L. H. Stumpers, Philips Res. Report, vol.
13, Dee. 1958, p. 509/514.

INTEGRATED WHITE NOISE

R. Leipnik, Naval Ordnance Test Station,
China Lake, Calif., July 1959, 11 p.,
(NAVORD rept. no. 7013), AD 230 442.

The autocovariance of n-times finite-
integrated band-limited white noise is cal-

culated in terms of exponential-integral
functions. Asymptotic results are obtained
for large and small band-width limits, and

error-bounds are given, with a view toward
error-analysis of integrated accelerometers.

RECTIFICATION OF NARROW-BAND NOISE

K.S. Stull, Jr., Electronic Industr., vol. 19,
May 1960, p. 103.

APPROXIMATE CALCULATION OF THE
DISTRIBUTION FUNCTION OF A NORMAL
PROCESS AT THE OUTPUT OF A
TYPICAL RADIO SECTION

V.S. Borodin, Radio Engng: Transl. of Radio-
tekhnika, vol. 16, no. 2, 1961, p. 1/6.

The author determines an approximate

expression for the differential distribution
function of instantaneous values of a normal

random process with unlimited spectrum (white

noise) at the output of a typical radio section.
A typical section consists of the first RC filter,

the square-law detector and the second RC filter.
A comparison of two methods of calculating the
cumulants of distribution is given. A preferred
method of determining eumulants is cited ....

THE AMPLITUDE DISTRIBUTION AND FALSE
ALARM RATE OF NOISE AFTER POST-
DETECTION FILTERING

S. Thaler, et al., Proc. IRE, vol. 49, Feb.
1961, p. 479/485.

THE EVALUATION OF THE RESPONSE OF
SINGLE-VALUED NON-LINEARITIES TO
SEVERAL INPUTS

D.P. Atherton, Proc. Instn. Elect. Engrs.
London, Part C), vol. 109, no. 15, March
1962, p. 146/157.

The transform method for evaluating the
coefficients of the various terms in the output

autocorrelation function of a non-linearity with
an input consisting of a sinusoidal signal and
Gaussian noise is considered. Solutions, all of
which involve cofluent hypergeometric functions,
are given for a few analytically defined non-
linear characteristics. A short table of these

functions is also given to facilitate computation.

A new expression for evaluating the coefficients,
a double integral involving the non-linear
characteristic and the moments of the sinusoidal

and Gaussian input signals, is derived ....

PROBABILITY DENSITY FOR CORRE LATORS

(Correspondence)
M.C. Grignetti, IRE Trans. Inform. Th.,

vol. IT-8, no. 6, Oct. 1962, p. 383/384.

In a recent paper, probability densities for

the output of short-time cross-correlators
were derived, yielding rather unwieldy ex-
pressions involving infinite series of higher
transcendental functions .... As a conse-

quence, the authors of the above-mentioned
paper worked out a saddle-point approxima-
tion which gives numerical results that, the
s - s case, have not been checked against the
exact expressions. We shall show, however,

that one of these expressions can be consid-
erably simplified ....
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THEEFFECTSOFNOISETHROUGHAN
ANALOGINTEGRATORWHICH
INTEGRATESWITHRESPECTTOAN
ARBITRARYVARIABLE

P.R.Westiake,IRETrans.AerospaceNavig•
Electronics,vol.ANE-9,no•3, Sept.
1962,p. 151/158.

• . . to consider the effects of noise, both
internal and external, on any possible compu-
tation control process• The external noises
would arise in communication links, the

drifts of gyros, possible variations in external
conditions, variations in amounts and rates
of rocket burning, and other causes. The
internal noises could be those electronically

generated (such as short and Johnson noises)
and those generated by digital computation
processes .... In the event that an incre-
mental digit or analog computer is part of a
control loop, a typical problem would be
signal plus noise into an analog or digital
integrator.

FM RECEPTION AND THE ZEROS OF
NARROW-BAND GAUSSIAN NOISE

N.M. Blachman, IEEE Trans. Inform. Th.,
vol. IT-10, no. 3, July 1964, p. 235/241.

• . . the low-frequency output spectral
density of an FM receiver is obtained. Below
the threshold the output signal-to-noise ratio
is found... By the addition of well known

"triangular" noise, this expression is made
valid through and above the threshold, thus
unifying various results of Rice. The quieting
of a wide-band FM receiver by a signal is
also considered ....

APPROXIMATE BAND-PASS LIMITER
ENVELOPE DISTRIBUTIONS

W. Doyle, et al., IEEE Trans. Inform. Th.,
vol. IT-10, no. 3, July 1964, p. 180/185,
20 refs.

An approximate distribution is computed for

the envelope of sine wave plus noise after
passage through a wide-band filter, limiter,
and narrow-band filter. It is shown that the

input bandwidth to the limiter increases, the
output envelope distribution converges to the
usual sine wave in noise envelope distribution,

without limiting, but with a definite 1.04 db
loss ....

CORRELATION FUNCTION AT THE OUTPUT
OF AN ERROR FUNCTION LIMITER

H. Kaufman, et al., J. Electronics and Control,
Aug. 1963, p. 165/170, A63-20431

Analysis of a half-wave limiter with a
Gaussian input .... A series expression is
obtained for the output correlation function.

TttE MEAN VALUE OF TttE ENVELOPE OF
A SINE AND COIIERENT WAVE SUPER-
IMPOSED ON TtfE NARROW-BAND

GAUSSIAN NOISE

368

B. Leskovar, J. Electronics and Control,
vol. 14, no. 1, Jan. 1963, p. 113/120.

• . . The mean value is calculated and

plotted as a function of both the sine wave-to-
noise and coherent wave-to-noise ratios of the

coherent detector input wave. Attention is paid
to the mean value of the envelope for various

phase angles between the coherent wave and the
sine wave plus narrow-band Gaussian noise. The
normalized form of the mean value's computed

curves suitable for direct application on an

additive type of coherent detector is given.

COMMENT ON: "A USEFUL THEOREM FOR
NONLINEAR DEVICES HAVING GAUSSIAN

INPUTS" (Correspondence)
R. Price, IEEE Trans• Inform. Th., vol. IT-10,

no. 2, April 1964, p. 171.

The theorem in question deals with zero-

memory nonlinear devices driven by Gaussian
processes, and it relates derivatives of output
correlation functions with respect to those of
the inputs to derivatives of the nonlinear
characteristics ....

GENERAL RESULTS IN THE MATHEMATICAL
THEORY OF RANDOM SIGNALS AND
NOISE IN NONLINEAR DEVICES

H.B. Shutterly, IEEE Trans. Inform. Th.,
vol. IT-9, no. 2, April 1963, p. 74/84•

An analysis is made of the output resulting
from passing signals and noise through general
zero memory nonlinear devices• New expres-
sions are derived for the output time function
and autocorrelation function in terms of

weighted averages of the nonlinear characteristic

and its derivatives. These expressions are not
restricted to Gaussian noise and apply to any

nonlinearity having no more than a finite number
of discontinuities. The method of analysis
used is heuristic ....

Related Publications:

STATISTICAL ERRORS IN MEASUREMENTS
ON AMPLITUDE-DISTORTED GAUSSIAN
SIGNA I_

D.L. Haas, Quarterly Progress Report• Res.
Lab., MIT, April 1958, p. 81/89.

PHASE MODULATION THROUGH A LIMITER

JPS Res. Summary, vol. 1, no. 367, Dec. -
Jan. 1960, p. 54/60•

The performance of an ideal limiter

followed by a synchronous detector and a
low-pass filter has been studied .... The
signal suppression resulting from the
presence of noise controls the effective noise
bandwidth of the loop ....

EFFECT OF HARD LIMITING ON THE
PROBABILITIES OF INCORRECT
DISMISSAL AND FALSE ALARM AT THE
OUTPUT OF AN ENVELOPE DETECTOR

P. Bello, IRE Trans. Inform. Th., vol. IT-7,
no. 2, April 1961, p. 60/66.
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• • . The input to the system is a pulsed
IF signal immersed in noise whose power
spectrum is uniform over a band of width

Wcycles • . .

RECONSTRUCTION ERROR AND DELAY
FOR AMPLITUDE-SAMPLED WHITE

NOISE (Correspondence)
D. S. Ruchkin, Proc• IRE, vol. 49, Sept.

1961, p. 1436.

ON OPTIMAL DIVERSITY RECEPTION

G• L• Turin_ IRE Trans. Inform• Th.,
vol. IT-7, no• 3, July 1961, p• 154/166.

• . . The ideal probability-computing M-

ary receiver is derived for a fading, noisy,
multidiversity channel.. °

STATISTICAL PROPERTIES OF M-ARY

FREQUENCY-SHIFT-KEYED MODULA-
TED CARRIERS

H. Zabronsky, RCA Rev., vol. 22, no. 3,
Sept. 1961, p. 431/460.

• . . statistical properties of frequency-

shift-keyed and phase-shift-keyed modulated
carriers through a limiter plus other devices,
in the presence of white Gaussian noise.

COMPARISON OF SIGNAL AND NOISE IN
FULL-WAVE AND HALF-WAVE

RECTIFIERS (Correspondence)
M.D. Rubin, IRE Trans. Inform. Th., vol. IT-8,

no. 6, Oct. 1962, p. 379/381.

The literature contains analyses of the
signal-to-noise performance of half-wave
linear rectifiers and of full-wave square-law
rectifiers. In the following, we compare
directly the half-wave linear rectifier with the
full-wave linear rectifier, when used as
detectors ....

1.716: Noise Plus Signals in Various Circuits

Included: Output probabilities of correlation detectors; Signal plus quasi-sinusoidal noise;
Gaussian signals in Gaussian noise.

Not Included: Circuit theory; Detection and decision theory (2).

Cross References: Signal and noise in analog modulation methods (Div. 1.2); Signal and noise
in digital modulation methods {Div. 1.3); Signal and noise in semi-analog (pulse) modulation
methods (Div. 1.4); Signal and noise in pulse code modulation methods (]3iv. 1.5).

Principal Publications:

A NOTE ON THE EVALUATION OF THE

RESPONSE OF A NON-LINEAR ELEMENT
TO SINUSOIDAL AND RANDOM SIGNALS.

J.L. Douce, Proc. Instn. Elect. Engrs° pt. C,
vol. 105, March 1958, p. 88/92.

THE PREDICTION OF DERIVATIVES OF
POLYNOMIAL SIGNALS IN ADDITIVE
STATIONARY NOISE

I. Kanter, IRE WESCON Conv. Rec.,

no. 4, Aug. 1958, p. 131/146.

. . . unifying theory for a problem which
arrises in a now classical paper on predication
theory.

A PHYSICAL INTERPRETATION OF
SHANNON'S AMBIGUITY

J. Loeb, Ann. Telecommun., vol. 13,

March - April 1958, p. 78/82.

• . . for the case of Gaussian noise

superposed on an AM signal, by a transitional

probabilities matrix ("grille") .... can
also be applied to problems involving non-
Gaussian noise or nonlinear circuit elements•

ON THE DISTRIBUTION CURVES OF THE
AMPLITUDE ENVELOPE OF THE OUT-
PUT OF A SELECTIVE SYSTEM IN THE

PRESENCE OF RANDOM FREQUENCY
FLUCTUATIONS OF THE E.M.F.

369

A.V. I>rosin, Telecommunications, no. 1,
1958, p. 9/16.

The passage of a frequency-modulated

oscillation through selective systems with
non-linear phase characteristics and non-

regular frequency characteristics.

THE FLUCTUATION RATE OF THE
CHI PROCESS

R.A. Silvcrman, IRE Trans. Inform. Th.,
vol. IT-4, no. 1, March 1958, p. 34/38.

• . . results from ideal symmetric
limiting of a very narrow-band signal in
narrow-band Gaussian noise• At small input

snr this loss can be expressed in terms of the
degradation of the effective signal energy-to-
noise power per cycle ratio°

STATISTICAL ANALYSIS OF NOISE-SIGNAL
AMPLITUDES

D. Hoffman, et al., Electronics, vol. 32,
no. 24, July 1959, p. 48/50.

CUMULATIVE DISTRIBUTION FUNCTIONS
FOR A SINUSOID PLUS GAUSSIAN NOISE

(Correspondence)

A. Levine, et al., IRE Trans. Inform Th.,
vol. IT-5, no• 2, June 1959, p. 90/91•

THE EFFECT OF MIXING TWO NOISY
SIGNALS

N. A. Huttly, Marconi Rev. (GB), 4th Qtr.,
vol. 23, 1960, p. 153/169•
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. . . Approximate solutions are given for

the output signal-to-noise ratio when certain

assumptions can be made about the bandwidths

and the beat note frequency ....

ON THE POSTDETECTION CORRELATION

BETWEEN TWO SINUSOIDAL SIGNALS

WITH SUPERIMPOSED CORRELATED

NOISE (Correspondence)

K• Blotekjaer, IRE Trans. on Inform. Th.,

vol. IT-7, no. 4, Oct. 1961, p. 271/272•

The problem of measuring autocorrelation and

cross-correlation is frequently encountered in

experimental analysis .... The results of the

present paper have also been successfully

applied to the analysis of signals from earth

satellites. Since most of the signals used in

transmission techniques are high-frequency

signals with relatively narrow bandwidths, the

correlation measurements are most easily

performed on the detected signals, whereas for

theoretical calculations the correlation between

the undetected signals is required• It is therefore

of great importance to know the relationship
between the correlation before and after detection•

It is the purpose of this paper to establish this

relationship for a special class of signals,

namely signals consisting of a sinusoidal compo-

nent with superimposed narrow-band Gaussian
noise ....

ENVELOPE PROBABILITY AS A FUNCTION

OF E/N o (Correspondence)

L.E. Davies, I>roc. IRE, vol. 49, May 1961,

p. 971/972.

SE LECTIVITY CONCENTRATION AND INTE-

GRATION EFFICIENCY

W. Gersch, et al., IRE Trans. Circuit Theory,
vol. CT-8, no. 3, Sept. 1961, p. 296/301.

• . . The relationship between the maxi-

mum achievable peakedness of the selectivity

characteristic and the signal detection per-

formance of a spectrum analyzer whose input
is a finite duration sinusoid immersed in white

noise is considered.

THE PROBABILITY DENSITY OF THE PtIASE

DIFFERENCE OF A NARROW-BAND

GAUSSIAN NOISE WITH SINUSOIDAL

SIGNAL (Correspondence)

H.R. Raemer, et al., IRE Trans. on Inform.

Th., IT-7, no. 4, Oct. 1961, p. 265/267.

The first-order amplitude and phase proba-

bility densities for a stationary narrow-band
Gaussian noise both with and without a

sinusoidal signal have been reported by several

people. The second-order probability density

function of phase for noise alone was evaluated

by MacDonald. We have calculated the second-

order probability function for phase with

sinusoidal signal by approximation techniques

and have numerically evaluated the probability

density function for a phase difference between

two instants of time for various parameter
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values. Values used are those applicable to

a specific signal processing problem for which
the work was done ....

RAPID EVALUATION OF THE AUTO-

CORRELATION FUNCTION OF THE OUTPUT

OF SIGNAL-VALUED NON-LINEARITIES IN

RESPONSE TO SINUSOIDAL AND GAUSSIAN

SIGNALS

D.P. Atherton, Proc. Instn. Elect• Engrs.,

London, (Pt. C), vol. 109, no. 16, Sept.

1962, p. 656/664.

• . . can be used for the rapid evaluation of

the response of a signal-valued non-linear ele-

ment to a sinusoidal signal and Gaussian noise,

applied separately or together. The technique

used is to approximate the non-linear char-

acteristic by a stepped or 'digitized' waveform;

exact evaluation of the response of the digitized

characteristic can easily be obtained ....

PARASITIC MODULATION CAUSED BY SMALL

ADDITIVE NOISE (Translation)

E.L. Blokh, et al., Telecommum Radio

Engineering, Part II--Radio Engineering,

vol. 17, Nov. 1962, p. 3/13, A63-16482.

• . . geometric interpretation... A carrier

in the form of a sequence of trapezoidal pulses

is examined ....

APPROXIMATE BAND-PASS LIMITER EN-

VE LOPE DISTRIBUTIONS

W. Doyle, et al., Rand Corp., Sanda Monica,

Calif., Feb. 1962, 21 p., incl. illus., 20

refs., (Memo. no. RM-2987-PR), AD 274
684•

• . . An approximate distribution is com-

puted for the envelope of sine wave plus noise

after passage through a wide-band filter, limiter

and narrow-band filter ....

AN APPROXIMATE METHOD IN SIGNAL DETEC-

TION

W.F. Freiberger, Brown U. Div. of Applied

Mathematics, Providence, R.I., Jan. 1962,

10 p., incl. illus., 3 refs., (Technical rept.

no. 12), AD 274 202•

• . . theorem from the theory of Toeplitz

norma . . . estimating the best test statistic for

the detection of Gaussian signals in Gaussian

noise.

THE OUTPUT PROBABILITY DISTRIBUTION

OF A CORRELATION DETECTOR WITH

SIGNAL PLUS NOISE INPUTS

M.J. Jacobson, Rensselaer Polytechnic Inst.,

Troy, N.Y., 1 June 1962, 28 p., incl. illus.,

refs., (RPI Math Rep. no. 55), AD 276 364.

CORRELATION FUNCTION AT THE OUTPUT OF

A NONLINEAR DEVICE (Correspondence)

G.E. Roberts, et al., IRE Trans. Inform. Th.,

vol. IT-8, no. 4, July 1962, p. 322/323.
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. . • output of a power-law device when the
input consists of an AM signal plus Gaussian
noise ....

THE EFFECTS OF NOISE THROUGH A REC-
TANGULAR-INTEGRATION PROCESS AND
SOME SAMPLED SPECTRAL-DENSITY

METHODS

P.R. Westlakc, IRE Trans. Aerospace Navig.
Electronics, vol• ANE-9, no. 3, Sept. 1962,
p. 159/175.

• . . the effect of signal plus noise on the

rectangular integration process that.., a
digital integrator might use. The arguments are
cased in the form taken by a digital differential
analyzer (DDA) integrator ....

EXPERIMENTAL INVESTIGATIONS OF THE
PEAKS OF THE SMOOTHED ENVELOPE

OF QUASI-SINUSOIDAL NOISE

V.T. Goryainov, Radio Engng: Transl. of
Radiotekhnika, vol. 18, no• 3, March 1963,

p. 1/8.

An experimental setup is described for obtain-
ing samples (oscillograms) of the smoothed en-
velope of quasi-sinusoidal noise. A method of pro-

cessing the oscillograms to determine the statis-
tical characteristics of the peaks of the smoothed
envelope is given. Experimental results are

presented, showing the distribution of the
highest maxima, of the lowest minima and
of the vertical distance between a minimum

and the following maximum in samples of the
smoothed envelope of the sum of a sinusoidal
signal and Ganssian noise ....

DISTRIBUTION OF OVERSHOOT PERIODS FOR

THE SMOOTHED ENVELOPE OF QUASI-
SINUSOIDA L NOISE

V.T. Goryainov, Radio Engug: Transl. of

Radiotekhnika, vol. 18, no. 8, Aug. 1963,
p. 1/7.

Experimental results are presented showing
the average number of overshoots and the dis-
tribution of positive or negative overshoot

periods in a smoothed envelope comprising the
sum of a sinusoidal signal and quasi-sinusoidal
noise. The experimental data obtained are

compared with results of analytical investiga-
tions.

HARD-LIMITING OF TWO SIGNALS IN RANDOM
NOISE

J.J. Jones, IEEE Trans. Inform. Th., vol.
IT-9, no. 1, Jan. 1963, p. 34/42.

• . . Two sinusoidal signals and Ganssian
noise lying in a narrow band are passed through
an ideal band-pass limiter that confines the out-

put spectrum to the vicinity of the input fre-
quencies. The output spectrum, consisting of
both discrete and continuous components, is
studied in terms of its corresponding autocor-
relation function ....

THE MEAN VALUE OF THE ENVELOPE OF A
SINE AND COHERENT WAVE SUPER-
IMPOSED ON THE NARROW-BAND GAUS-
SIAN NOISE

B. Leskovar, J. Electronics and Control,
vol. 14, no. i, Jan. 1963, p. 113/120.

• . . The mean value is calculated and plotted
as a function of both the sine wave-to-noise and
coherent wave-to-noise ratios of the coherent

detector input wave. Attention is paid to the mean
value of the envelope for various phase angles
between the coherent wave and the sine wave

plus narrow-band Gaussian noise. The
normalized form of the mean value's computed

curves suitable for direct application on an ad-

ditive type of coherent detector is given.

APPROXIMATE DETERMINATION OF THE
DISTRIBUTION FUNCTION OF FADE
LENGTHS BELOW THRESHOLD LEVEL FOR

THE SUM OF A DETERMINISTIC SIGNAL
AND GAUSSIAN STATIONARY NOISE

B.R. Levin, et al., Radio Engng: Transl. of
Radiotekhnika, vol. 18, no. 5, May 1963,
p. 20/26•

The distribution function of the axis-crossing
intervals for the envelope of the sum of a
sinusoidal signal and Gaussian noise by the first-
approximation curve for noise alone when the

intervals are small and by an exponential curve
when the intervals are too large is approximated•
• . . compared with known experimental data as
well as with Rice's approximation method ....

AN ANALYSIS OF THE FACTORS WHICH DE-
TERMINE SIGNAL/NOISE DISCRIMINATION
IN PULSED-CARRIER SYSTEMS

D.O. North, Proe. IEEE, vol. 51, no. 7, July
1963, p. 1016/1027•

K RASCHETU KHARAKTERISTIK OBNARU-
ZHENIIA FLUKTUIRUIUSHCHIKH

SIGNA LOV (On the Calculation of Detection

Characteristics of Fluctuating Signals) (In
Russian)

R• L. Stratonovich, et at., Moskovskii Univer-
sitet, Vestnik, Seriia IH-Fizika, Astronomiia,
vol. 19, Jan.-Feb. 1964, p. 43/49, 5 refs.,
A64-17118.

• . . of correlated Gaussian radio signals in
a correlated Gaussian noise. Exact expres-
sions are derived for determining the errors of

optimal and nonoptimal detectors of fluctuating
radio signals. These expressions can also be
used as a basis for tabulating the detection
characteristics using a high-speed computer.

ESTIMATION OF THE CONSTANT COMPONENT
OF A DETECTED PERIODIC SIGNAL MIXED
WITH ADDITIVE GAUSSIAN NOISE USING A

SEGMENT OF A SINGLE SAMPLE OF FINITE
DURATION

A.B. Tatarinov, Radio Engng: Transl. of Radio-
tekhnika, vol. 18, no. 6, June 1963, p. 5/14•
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Using a single sample of finiteduration, the
problem of estimation of the mean value of a
detected harmonic signal on a background of ad-
ditiveGaussian noise, mixing with the signal
before the detectionprocess, is considered. For

linear and square-law detectors, equations are
derived for the relative bias of the estimate . . .

VYBROSY SUMMY SIGNALA I SHUMA (Horns on
a Signal-Noise Wave) (In Russian)

V.I. Tikhonov, Radiotekhnika i Elektronika,
vol. 8, Nov. 1963, p. 1803/1811, 10 refs.,
A64-12028•

• . . formulas for the mean number of "horns"

per unit time of a wave composed of normal
steady noise and a signal . . . considers two
types of signals: a signal in the form of normal
quasi-harmonic (narrow-band) noise, and a
harmonic signal .... several numerical ex-

amples ....

Related Publications:

A NOTE ON POWER-LAW DEVICES AND THEIR
EFFECT ON SIGNAL-TO-NOISE RATIO

C. N• Berglund, Queen's U., Belfast (Gt•
Brit.), Aug. 1962, 21 p., incl. illus., 5

refs•, (Research rept• no. 62-3), AD 291
427•

• . . used as either band-pass non-linear
amplifiers or enveloped detectors . . . deter-
mined for both limiting cases of very large
and very small input signal-to-noise ratios•

• . . The results are general, applying to
Gaussian and non-Gaussian noises and modu-

lated and unmodulated signals, and allow im-
portant conclusions to be reached concerning
the value of power-law devices in commtmiea-
tion systems in various signal and noise
environments ....

A COMPUTER-AUGMENTED TECHNIQUE FOR
THE DESIGN OF LIKELIHOOD-RADIO
RECEIVERS

T. B• Birdsall, et al., Cooley Electronics Lab.,

U. of Michigan, Ann Arbor., Oct. 1962,
36 p., incl. illus., tables, 9 refs., (Tech-
nical rept• no• 130; 3674-3-T), AD 292 161.

Standard approximation methods of design
of detection receivers are reviewed, and a

method based on fitting curves calculated on
a high-speed computer is presented. This
computer-augmented technique is applied to
the design problem of a signal distorted by a
sign-preserving, rapidly varying transmis-
sion gain.

ON THE DETECTION OF A RANDOMLY DIS-

TORTED SIGNAL IN GAUSSIAN NOISE

L. Halsted, et al. ,Michigan U•, Ann Arbor,
Oct• 1962, 38 p., incl. illus., 8 refs.,
(Technical rept. no• 129; Rept• no. 3674-2-T),
AD 291 982.

• . . designing a likelihood ratio receiver for

detection of a signal that has been distorted by a
randomly varying transmission loss and sub-
sequently masked by an additive Gaussian noise•
• . . The optimum receiver was evaluated for
the two-input-samples case using a digital com-
puter .... Various facets of the performance
of two nonoptimum receivers, the erosscorrelator
and the clipper erosscorrelator, were also

evaluated using the computer.

LIMITING ACCURACY OF THE SIMULTANEOUS
ESTIMATION OF TWO SIGNAL PARAMETERS
IN THE PRESENCE OF NORMAL NOISE

(Translation)
E.I. Kulikov, Teleeommun. Radio Engineering,

Part II--Radio Engineering, Jan. 1963, p. 531/

61, A63-21045.

Derivation, using the maximum value of the
probability functions, of formulas for the cal-
culation of the variance and correlation coef-
ficient for the simultaneous estimation of two

radio signal parameters with a random initial
phase in the presence of additive correlated
normal noise• On the basis of these formulas,
the characteristics of the simultaneous evalua-

tion of the delay time and frequency shift for the
reception of a bell-shaped radio signal in the
presence of white noise are calculated, for the
cases of no internal frequency modulation and

kinear frequency modulation.

1.717: Pulsive Noise Analysis

Included: Quasi-stationary noise processes; Nonstationary noise processes; Non-Gaussian processes in
non-Gaussian noise.

Not Included: Error correction codes for error bursts (2).

Cross References: Observations and evaluation of pulsive noise (Sect 1.74); Special random processes

(1. 114); Stationary noise in general (1. 713); Statistics of error distributions due to pulsive noise (1. 743);
Computer simulation of pulsive noise (1. 719).

Principal Publications:

NONSTATIONARY VELOCITY ESTIMATION

T. M. Burford, Bell Syst. Tech. J., vol. 37,

no. 4, July 1958, p. 1009/1021.

A nonstationary noise may frequently be
approximated by the product of a stationary
noise and a deterministic function of time.
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THE ACTION OF NON-STATIONARY

FLUCTUATIONS ON LINEAR SYSTEMS

I. I. Samoilenko, Radio Engrg., vol. 14, no. 7,
1959, p. 20/22.

THE PROBABILITY DISTRIBUTIONS OF THE
OUTPUTS OF FIRST ORDER AND TUNED
SECOND ORDER FILTERS WITH COIN-

TOSS SQUARE WAVE INPUTS
A. R. Cohen, IRE Trans. Circuit Theory,

vol. CT-9, no. 4, Dec. 1962, p. 371/377.

• . .A method is presented for con-
structing the probability distribution functions

of the outputs of an RC low-pass filter and a
tuned second-order filter for coin-toss square
wave inputs. The input is a binary process
in which axis crossings can occur only on a
set of equally spaced sample points . . .

SHORT TERM AMPLITUDE PROBABILITY
DISTRIBUTION OF IMPULSIVE ATMOS-
PHERIC RADIO NOISE

M. Satyam, J. Sci. Industr. Res., vol. 21D,
no. 7, July 1962, p. 221/227.

SOME ANALYTICAL TECHNIQUES FOR A
CLASS OF NON-GAUSSIAN PROCESSES

B. A° Bowen, Queen's U., Kingston (Canada),

June 1963, 61 p., Rept. no. RR63 3,
AD 428 431.

• . . a study of impulse noise interference
in a simple communications receiver model•
A review of the cumulant concept is presented,
then an impulse model postulated .... the

cumulants are defined in terms of integrals of
functions of the wave shape of the impulse
events .... A unique presentation is derived
to compare the moments of a gaussian process

to a nongaussian one. It is shown that as the
ratio of the equivalent order moments is different

from unity, correction terms are generated
which change the probability distribution to a
nongaussian form. The cumulants are used in

conjunction with a transform technique to derive
the correlation function of impulse noise or of
signal plus noise when a linear filter is followed
by a nonlinear device. The results reduce to the

known gaussian results as the impulse rate is
increased.

RELATION BETWEEN OUTPUTS OF A FULL-

WAVE AND HALF-WAVE LINEAR RECTIFIER
FOR A CLASS OF NON-GUASSIAN INPUTS

(Correspondence)
J. L. Brown, Jr., IEEE Trans. Inform. Th.,

vol. IT-9, no. 4, Oct. 1963, p. 288/289.

CERTAIN PROPERTIES OF RANDOM PULSE
PROCESSES

Y. I. Khurgin, Air Force Systems Command,

Wright-Patterson AFB, Ohio Foreign
Technology Div., 8 Oct. 1963, 10 p., refs.,
Transl. into ENGLISH from Tr. Vses. Soveshch,
po Teorii Veroyatnosti i Mat. Statist.
(Yerevan), 1960, p. 72/28, (FTD-TT-62-1147/
1+2+4), AD 423 603, N64-12625.
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• . . sequence of spikes above a certain defined
level of random noise. In general, attention was
directed toward a single class of such processes
which is reasonably descriptive of many practical
interesting cases . . . the simplest class of
random pulse processes in which the sequence
interval between the moments of pulse appear-
ances is a sequence of positive, independent,

identically distributed random variables having
probability density.

CALCULATED STATISTICAL CHARACTERISTICS
OF ATMOSPHERIC RADIO NOISE

T. Nakai, Proc. of the Res. Inst. of Atmospherics,

Nagoya U., Vol. 10, Jan. 1963, p. 13/24, 2
refs., N63-18222.

The Poisson noise process is considered in

which the pulses of rectangular form with a
constant duration are arriving at the times
determined by Poisson's distribution law . . .

ON THE RESPONSE OF LINEAR SYSTEMS TO
CERTAIN NON-GAUSSIAN RANDOM INPUTS
(Correspondence)

G. M. Northrop, et al., IEEE Trans. Inform.
Th., vol. IT-10, no. 2, April 1964, p.
169/170.

The problem of calculating the probability
density at the output of a linear device with

non-gaussian input is largely unsolved. This
communication considers the special class of

non-Gaussian inputs that can be generated by
passing a Gaussian Markov process through
a nonlinear device without energy storage
whose input and output stand in 1 to 1 relation.
The result is . . . a partial differential
equation . . . the fact that such an equation

can be written down readily for a general
1 to 1 nonlinearity is thought to be of some
interest ....

DETECTION OF NON-GAUSSIAN PROCESSES
IN NON-GAUSSIAN NOISE

F. G. Ogg, Jr., Johns Hopkins U., Carlyle
Barton Lab., Baltimore, Md., June 1963,
37 p., 4refs., N63-18647.

• . . detection of stochastic processes in
noise.., under the assumption that neither
the signal nor the noise need be gaussian.
The detector structure is found in terms of

the semi-invariants of the signal and noise
processes. The general detector structure
is extremely complicated, but a threshold
form may be obtained . . . It is shown that

large degradations in sensitivity occur if the
noise is highly impulsive in character, but
the nongaussian character of the signal

process is found to have very little effect
on the detector sensitivity.

A NONLINEAR FILTER FOR NON-GAUS-
SIAN INTERFERENCE

R. H. Richard, et al., IEEE Trans. Com-
mun. Syst., vol. CS-ll, no. 3, Dec
1963, p. 436/443.
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A nonlinear filter is investigated and its

effectiveness in improving signal detectability in

the presence of certain types of non-Gaussian
noise is determined. The filter consists of a

zero-memory nonlinear device followed by a

low-pass filter, the nonlinear device being

designed on the basis of only the first-order

statistics of the interfering noise and of the sum

of signal and noise .... The results of the

study indicate that, when the noise probability

density function is sufficiently different from

Gaussian, a considerable improvement in

detection reliability can be obtained• When the
noise is Gaussian the filter reduces to a linear

one ....

A STUDY OF CORRELATOR BEHAVIOR USING

'_NON-STATIONARY" SIGNALS. PART II

1. 719:

Principal Publications:

RECHENMETHODEN BEI RAUSCHVORGANGEN

(Computation Methods for Noise Processes)

(In German)
K. Lunze, Nachrichtentechnik, vol. 8, Dec.

1958, p. 530/537•

REALISTIC SIMULATION OF RADAR CLUTTER

J. Atkin, Electronics, vol. 32, no. 39, Sept.

1959, p. 78/81•

DIGITAL COMPUTER SIMULATION OF

IMPULSE NOISE

R. V. D'Aiello, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y., 31

Oct. 1961, 81 p., incl. illus., tables, 17

refs., (Research rept. no. PIBMRI-967-61),
AD 283 104.

Dewey, G. C. and Co., Inc., New York, 17

June 1963, 38 p., AD 412 534.

• . . cross-correlation gains of an analog and

clipper correlator . . . The signals and noise

used in this study we have characterized as

being non-stationary. An attempt has been made

to compare experimentally determined gains for

the case of small signals buried in noise with

those predicted theoretically•

Related Publications:

A NEW APPROACH TO THE SPECTRUM

ANALYSIS OF NONSTATIONARY SIGNALS

W. W. Wierwille, IEEE Paper no. 63-63, Feb.

1963, 18 p.

Computer Simulation of Noise and Disturbances

Included: Computer generation of noise; Simulation of radar clutter; Simulation of pulsive noise.

Not Included: Simulation programs in general (3A); Design of noise generators.

Cross References: Experimental evaluation of statistical populations (1. 119); Special statistical

dixtributions (1. 117); Jamming of communications transmissions (Sect. 1.75).

dependent or time independent . . . it is

assumed that there exists a cumulative

distribution function for the amplitudes of the

noise signal•

SIMULATION USING THE MONTE CARLO

METHOD

R. F. Iuorno, Rome Air Development Center,

Griffiss Air Force Base, N. Y., May 1963,

25 p., RADC RAW TM 63 5, AD 410 290.

• . . problem of communications in a

jamming environment is used to illustrate the
use of the Monte Carlo method• Two mathe-

matical models, each representing a different

jamming communication configuration, are con-

structed and solved using the Monte Carlo
method . . .

A method of using a digital computer to

generate probability distributions is described.
• . . can . . . be used to simulate the effects

of impulse noise on the transmission of digital

data. The statistics of impulse noise is

discussed, and two probability distributions

are proposed in order to describe these

phenomena.

COMPUTER SIMULATION ROUTINE FOR

RADIO FREQUENCY BACKSCATTER:

ANALYSIS FOR COMPUTER GENERATION

OF NOISE

G. W. Evans II, et al., Stanford Research Inst.,

Menlo Park, Calif., May 1962, 12 p., incl.

illus., 4 refs., (Technical rept. no. 2),
AD 277 582.

• . . simulation • • • amplitude of noise

signals which are bounded and are either time

Related Publications:
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THE PROBABILITY DISTRIBUTIONS OF THE

OUTPUTS OF FIRST ORDER AND TUNED

SECOND ORDER FILTERS WITH COIN-

TOSS SQUARE WAVE INPUTS

A. R. Cohen, IRE Trans. Circuit Theory, vol.

CT-9, no. 4, Dec. 1962, p. 371/377•

• . . A method is presented for constructing

the probability distribution functions of the out-

puts of an RC low-pass filter and a tuned second-

order filter for coin-toss square wave inputs.

The input is a binary process in which axis
crossings can occur only on a set of equally

spaced sample points . . .

TItE EFFECTS OF NOISE THROUGH AN

ANALOG INTEGRATOR WHICH INTEGRATES

WITII RESPECT TO AN ARBITRARY

VARIABLE
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P. R. Westlake, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no. 3, Sept. 1962,

p. 151/158.

• . . to consider the effects of noise, both

internal and external, on any possible computa-

tion control process. The external noises would

arise in communication links, the drifts of gyros,

possible variations in external conditions,

variations in amounts and rates of rocket burning,

and other causes. The internal noises could be

those electronically generated (such as short and

Johnson noises) and those generated by digital

computation processes .... In the event that an

incremental digit or analog computer is part of a

control loop, a typical problem would be signal

plus noise into an analog or digital integrator•

SIMULATION OF A FADING MEDIUM

R. Krulee, Rec. Nat. Commun. Syrup., vol. 9,

Oct. 1963, p. 233/240.

• . . a model that is consistent with observed

experimental data is developed for a fading circuit.

The instrumentation necessary to allow laboratory

simulation and testing under exactly those condi-

tions which are most critical for satisfactory

system design is discussed ....

ANALYSIS OF THE PARETO MODEL FOR

ERROR STATISTICS ON TELEPHONE

CIRCUITS

S. M. Sussman, IEEE Trans. Commun. Syst.,

vol. CS-II, no. 2, June 1963, p. 213/221.

A statistical model for the occurrence of

errors in data transmission over telephone

circuits was recently proposed by Berger and
Mandelbrot. In their model the intervals be-

tween successive errors are distributed in-

dependently according to the Pareto

distribution t -(_ . This paper presents an

analysis based on the Pareto model and compares

the results with published measurements on

telephone networks .... Comparison with

experiments indicates that the Pareto distribution

provides an excellent representation of the error
statistics ....
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Section 1.72

Noise of Natural Origin

This section discusses the characteristics of noise contributions from natural sources, which produce spectral

components within the frequency band and within the beam of radio transmissions. Such contributions cannot

be eliminated by careful antenna design or by particular beam orientation.

Noise from celestial sources is excluded from this discussion, as are special geophysical problems and propa-

gation characteristics of atmospheric noise.

1. 722: Atmospheric Noise

Included: Statistical characteristics of atmospheric radio noise; VLF radio noise; Lightning transients;

Atmospheric electricity; Impulsive atmospheric noise; Spheric pulses; Radio noise of terrestrial

origin; Radio emission from clouds; Musical atmospheres; Atmospheric angles.

Not Included: Lightning protection; Noise suppression devices; Geophysics of atmospheric noise.

Cross References: Analysis of pulsive noise (1. 717); Computer simulation of noise and disturbances

(1. 719); Precipitation static (1. 723).

Principal Publications:

ATMOSPHERIC NOISE INTERFERENCE TO

SHORT-WAVE BROADCASTING

S. V. Chandrashekhar Aiya, Proc. IRE, vol.

46, March 1958, p. 580/589.

ATMOSPHERIC NOISE INTERFERENCE TO

MEDIUM WAVE BROADCASTING

S. V. Chandrashekhar Aiya, Proc. IRE, vol.

46, Aug. 1958, p. 1502/1509.

A PRELIMINARY REPORT "ON THE NATURE

AND ORIGIN OF ATMOSPHERICS" (Work for
the I. G. Y. 57/58)

M. W. Chiplonkar, et al., J. Sci. Indust. Res.,
vol. 17A, Dec. 1958, p. 3/23.

REPORT ON URSI COMMISSION IV- RADIO

NOISE OF TERRESTRIAL ORIGIN

H. E. Dinger, Proc. IRE, vol. 46, July 1958,

p. 1366/1373.

ATMOSPHERIC RADIO NOISE

J. Harwood, et al., Elect. & Radio Engrg.,

vol. 35, May 1958, p. 183/190.

(Equipment for the Measurement of

Amplitude Distributions)

ATMOSPHERIC RADIO NOISE AT FREQUENCIES
BETWEEN 10 KC/S AND 30 KC/S

J. Harwood, Proc. Instn. Elect. Engrs. pt. B,

vol. 105, May 1958, p. 293/300.

SOME PROPERTIES OF LIGHTNING IMPULSES

WHICH PRODUCE WHISTLERS

R. A. Helliwell, et al., Proc. IRE, vol. 46,

Oct. 1958, p. 1760/1762.

THE RELATIONSHIP BETWEEN ATMOSPHERIC

RADIO NOISE & LIGHTNING

F. Horner, J. Atmos. & Terrest. Phys., Dec.
1958, p. 140/154.

ATMOSPHERIC ANGELS MIMIC RADAR ECHOES

V. G. Plank, Electronics, vol. 31, no. 14,

March 1958, p. 140/145.

BETWEEN THE ATMOSPHERICS

G. Reber, J. Geophys. Res., vol. 63, March

1958, p. 109/123.

Examination is made of the residual intensity

3f energy received between the atmospherics at

a frequency of 520 kc.

RECENT ADVANCES IN ATMOSPHERIC

ELECTRICITY

L. G. Smith, (editor), London, England,

Pergamon Press Ltd., 1958, 631 p., 59

papers.

• . . describes current experimental and

theoretical investigations into the many natural

electrical phenomena in the atmosphere ....

text of the Proceedings of the Second Conference

on Atmospheric Electricity held at Portsmouth,

New Hampshire, May 20-23, 1958 . . .

POLARIZATION OF ATMOSPHERIC PULSES

DUE TO SUCCESSIVE REFLECTIONS FROM

THE IONOSPHERE

A. P. Tantry, et al., J. of Geophys. Res., vol.

63, Sept. 1958, p. 527/538.

LEHRBUCH DER LUFTELEKRIZITAT (Text-

book of Atmospheric Electricity) (In German)

E. Von Kilinski, Leipzig: Akademische

Verlagagesellschaft, Geese & Portig - K-G,

1958, p. 141.

SFERICS RANGING TECHNIQUES

J. W. Wood, Army Signal Research and

Development Lab., Fort Monmouth, N. J.,

Dec. 1958, 20 p., (ARSDL Technical rept.

no. 1998), AD 213 767.

AVERAGE POWER OF IMPULSIVE ATMOS-

PHERIC RADIO NOISE

S. V. Chandrashekhar Aiya, Proc. IRE, vol.

47, Jan. 1959, p. 92.

THE SYNTHESIS OF ATMOSPHERIC FORMS

AND THE EFFECTIVE PARAMETERS OF

THE LOWER,PART OF THE IONOSPHERE

AT LOW FREQUENCIES

L. Al'pert, et al., Radio Engrg. & Electronics,

vol. 4, no. 2, 1959, p. 65/77.
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DIRECTIONALOBSERVATIONSOFRADIO
NOISEFROMTHEOUTERATMOSPHERE
{Suppl.No.17)

G.R. Ellis, etal., Nature,vol. 184,Oct.
1959,p. 1307/1308.

SPACEDOBSERVATIONSOFRADIONOISE
FROMTHEOUTERATMOSPHERE
(Suppl.No.18)

G.R.A. Ellis, etal., Nature,vol. 184,Oct.
1959,p. 1391/1392.

INTERPRETATIONOFSMOOTH-TYPE
ATMOSPHERICWAVEFORMS

F°Hepburn,J. Atmos.Terrest.Phys.,
vol. 14,June1959,p. 262/272.

COMPARISONOFSFERICSPROPAGATED
ALONGTHEFAIRBANKS-THULE
GREATCIRCLE

J. H. Priedigkeit,PaperfromIRE-URSI
JointMeeting-Oct.19-21,1959,San
Diego,Calif.

SFERICMEASUREMENTSATTHREEARCTIC
STATIONS- SEPT.1958THROUGHMARCH,
1959

A. L. Whitson,PaperfromIRE-URSIJoint
Meeting-Oct.19-21,1959,SanDiego,
Calif.

HFNOISERADIATORSINGROUNDFLASHES
OFTROPICALLIGHTNING
(Correspondence)

S.V. ChandrashekharAiya,Proc.IRE,vol.
48,May1960,p. 955/956.

MEASUREMENTSOFTHESPECTRUMOF
RADIONOISEFROM50TO100CYCLESPER
SECOND

M.Balser,etal., J. Res.Nat.Bur.Stand.,
vol.64D,no.4,July,Aug.1960,p. 415/418.

THETRANSMISSIONOFSIGNALSDURING
THUNDERSTORMS(LettertotheEditor)

V. A. BaranuUko,RadioEngng:Transl.of
Radiotekhnika,vol.15,no.6, 1960,
p. 25/26.

• . . therehasasyetbeennofundamental
studyofradiointerferenceduetodistant
thunderstorms.Todothis,usehasbeenmade
ofradiodirectionfindersspreadoutover800to
1000km. Thesehavemadeit possibletodeter-
minedistantsourcesofinterferenceinthe
South.Experimentshavealsobeencarriedout
inrecentyearstoobserveradioechofrom
lightningduringlocalthunderstorms. . .

DETERMINATIONOFTHEAMPLITUDE-
PROBABILITYDISTRIBUTIONATATMOS-
PHERICRADIONOISEFROMSTATISTICAL
MOMENTS

W.Q. Crichlow,etal., J. Res.Nat.Bur.
Stand.,vol. 64D,no.1,Jan.,Feb.1960,
p. 49/56.

ASTUDYOFATMOSPHERICRADIONOISE
RECEIVEDINA NARROWBANDWIDTH
AT11MC/S

C.Clarke,Proc.Instn.Elect.Engrs.,Pt.B,
vol. 107,no.33,May1960,p. 311/319.

OBSERVATIONSOFATMOSPHERICRADIO
NOISE

G.R. Ellis,Nature,vol. 186,no.4720,April
1960,p. 229.

Recentobservationsofradionoiseata
frequencyof5kc /s appears frequently to

come from sources of limited geographical size.

ATMOSPHERICS ON 20 KC /S AT THE TIME

OF LOCAL AURORAE

E. Gherzi, Nature, vo. 187, no. 4733, July
1960, p. 225/226.

THE MEASUREMENT OF ATMOSPHERIC

RADIO NOISE BY AN AURAL COMPARISON

METHOD IN THE RANGE 15-500 KC/S

J. Harwood, et al., Proe. Instn. Elect. Engrs.,

Pt. B, vol. 107, no. 31, Jan. 1960, p. 53/59.

Atmospheric noise . . . is compared with a

locally-generated . . . signal to estimate the

level at which the signal is 95% intelligible ....
range 15-500 kc/s. apparatus . . . results . . .

discussed.., noise powers.., predictions

RADAR STUDIES OF SOURCES OF NOISE IN

LIGHTNING (A SURVEY OF EXSISTING

KNOWLEDGE)

F. J. Hewitt, IN: RADIO NOISE OF TERRESTRIAL

ORIGIN. International Scientific Radio Union,
General Assembly, 13th, Commission 4 on

Radio Noise of Terrestrial Origin, Proceedings,
London, England, Sept. 1960, New York,

Elsevier Publishing Co., 1962, p. 72/84,

15 refs., A63-22891.

• . . characteristics of radio noise from

lightning discharges, as reported by various

investigators, emphasizing the intensity, the

waveform, and the location of the source, and
the rate of occurrence ....

PROPERTIES OF NATURAL NOISE - RESULTS

OF THE I.G.Y. ATMOSPHERIC NOISE
PROGRAMME

F. Horner, IN: RADIO NOISE OF TERRESTRIAL

ORIGIN. International Scientific Radio Union,

General Assembly, 13th, Commission 4 on

Radio Noise of Terrestrial Origin, Proceedings,
London, England, Sept. 1960, New York,

Elsevier Publishing Co., 1962, p. 100/108,

17 refs., A63-22893.

Review of measurements designed to establish

the world distribution and properties of noise.
An assessment is made of the amount and

value of the available data, and the require-

ments for the study of these data are discussed.
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VLF PHASE CHARACTERISTICS DEDUCED

FROM ATMOSPHERIC WAVE FORMS

A. G. Jean, et al., J. Geophys. Res., vol.

65, no. 3, March 1960, p. 907/912.

SOME MEASUREMENTS OF ATMOSPHERIC

NOISE LEVELS AT LOW & VERY LOW

FREQUENCIES IN CANADA

C. A° McKerrow, J. Geophys. Res., vol.

65, no. 7, July 1960, p. 1911/1926.

TROPOSPHERIC SCATTER PROPAGATION

& ATMOSPHERIC CIRCULATIONS

W. F. Moler, et al., J. Res. Nat. Bur.

Stand., vol. 64D, no. 1, Jan., Feb. 1960,

p. 81/93.

MEASURED FREQUENCY SPECTRA OF

VERY-LOW-FREQUENCY ATMOSPHERICS

T° Obayashi, J. Res. Nat. Bur. Stand., vol.

64D, no. 1, Jan., Feb. 1960, p. 41/48.

ATMOSPHERICS FROM LIGHTNING FLASHES

WITH MULTIPLE STROKES

E. T° Pierce, J. Geophys. Res., vol. 65,

no. 7, July 1960, p• 1867/1871.

VLF ATTENUATION FOR EAST-WEST AND

WEST-EAST DAYTIME PROPAGATION

USING ATMOSPHERICS

W. L. Taylor, J. Geophys. Res., vol. 65, no.

7, July 1960, p. 1933/1938.

ELECTROMAGNETIC STANDING WAVES AND

BALL LIGHTNING

L. Tonks, Nature, vol. 187, no. 4742, Sept.

1960, p. 1013/1014.

A THEORYOF BALL LIGHTNING FORMATION

W. K. R. Watson, Nature, vol. 185, no. 4711,

Feb. 1960, p. 449/450.

ELF ELECTRIC FIELDS FROM THUNDER-

STORMS

A. D. Watt, J. Res. Nat. Bur. Stand., vol. 64D,

no. 5, Sept., Oct. 1960, p. 425/433.

SFERIC DATA MAY IMPROVE NAVIAGATION

Electronics, vol. 33, no. 14, April 1960, p. 78.

STRUCTURE OF AN ATMOSPHERIC RADIO

NOISE

S. V. Chandrashekhar Aiya, J. Sci. Industr.

Res., vol. 21D, no. 7, July 1962, p. 203/220.

• . . improving the existing noise data•

Available information is examined. The results

of lightning discharge investigated and the

characteristics of the different modes of propa-

gation are analyzed . . . studies of both short-

term and long-term amplitude and time
characteristics of the noise . . . Conclusions

(a) the distribution of any physical parameter

associated with a lightning flash is log-normal;

and (b) for all the effects arising directly from

the same physical parameter, the standard

deviation is also the same.
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ATMOSPHERIC RADIO-NOISE STUDIES BASED

ON AMPLITUDE-PROBABILITY MEASURE-

MENTS AT SLOUGH, ENGLAND, DURING
THE INTERNATIONAL GEOPHYSICAL YEAR

C. Clarke, Proc. Instn. Elect. Engrs, London

(Pt. B), vol. 109, no. 47, Sept. 1962, p.

393/404, 13 refs.

• . . presented are frequencies of 24 kc/s,

135 kc/s, 11 Mc/s and 20 Mc/s. The diurnal

and seasonal variations of the noise power and

average value of the noise envelope are derived,

and a comparison is made between the measured

noise power and predictions prepared under the

auspices of the International Radio Consultative

Committee. (C. C. I. R.)...

LIGHTNING--FACTS AND FANCIES

W• A. Gambling, J. Brit. Instn. Radio Engrs.,
vol. 23, no. 3, March 1962, p. 163/170.

. . . considerable amount of mythology on

the subject .... After a discussion of these

"fancies" the paper turns to the work of

Benjamin Franklin who made the first serious

study of lightning .... famous controversy

concerning sharp and blunt conductors ....

outline of current theories of the lightning dis-

charge . . . of interest to the radio engineer.

• • ,

DIFFERENT TYPES OF MUSICAL

ATMOSPHERES AND THEIR RE LATIONS

TO LIGIITNING DISCHARGES

E. Knudsen, et al., Uppsala U., Sweden,

1962, 19 p, AFCRL 63 228, AD 404 953•

The recording method at a whistler observa-
tion station allowed of a correlation between

lightning discharges and musical atmospheres

produced by them. About 700 musical whistlers

collected in 1958-1961 have been analyzed. It

was found that about 70% of the records were

correlated to lightning discharges and about

30% were not.

SHORT TERM "TIME" CHARACTERISTICS OF

IMPULSIVE ATMOSPHERIC NOISE

K.N. Lakshminarayan, J. Sci. Industr. Res.,

vol. 21D, no. 7, July 1962, p. 228/232.

DURATION AND SPACING OF SFERIC PULSES

R. F• Linfield, et al., Proc. IRE, vol. 50, no. 8,

Aug. 1962, p. 1841/1842.

• . . obtained from a limited sample of sferics
recorded simultaneously at two stations. About

9000 sferic waveforms from the 35/mm film

records were analyzed...

SHORT TERM AMPLITUDE PROBABILITY

DISTRIBUTION OF IMPULSIVE ATMOS-

PHERIC RADIO NOISE

M. Satyam, J. Sci. industr. Res., vol. 21D,

no. 7, July 1962, p. 221/227.

LONG TERM AMPLITUDE PROBABILITY

DISTRIBUTION OF ATMOSPHERIC NOISE

M. Sat-yam, J. Sci. Industr. Res., vol. 21D,

no. 8, Aug. 1962, p. 251/260.
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CONVERSION OF THE AMPLITUDE-PROBABILITY

PROBABILITY DISTRIBUTION FUNCTION
FOR ATMOSPIIERIC RADIO NOISE FROM ONE
ONE BANDWIDTH TO ANOTHER

A.D. Spaulding, et al., J. Res• Nat• Bur. Stand.,
vol. 66D, no. 6, Nov., Dec. 1962, p• 715/
720.

The amplitude-probability distribution function
of atmospheric radio noise can be predicted with

reasonable accuracy for a given bandwidth using
only the first two moments of the noise measured
at that bandwidth. This paper presents a method

for predicting this distribution function for any
specified bandwidth from the moments of the noise

measured at a particular bandwidth.

OBSERVATIONS OF VLF RADIO NOISE AT
GODRAVN, GREENLAND

E. Ungstrup, Technical U., Copenhagen (Den-

mark), Final technical rept., (Rept. no• 12),
Sept. 1962, 108 p., incl. illus., tables, 27
refs., AD 293 834.

Audio frequency radio noise in the band from

0.5 to 15 Kc has been recorded at Godhavn,
Greenland since July 19, 1947. The equipment

used was designed according to the IGY specifica-
tions .... the occurrence of whistlers and the
type of ionospheric noise named chorus has been
studied.

RADIO NOISE OF TERRESTRIAL ORIGIN

International Scientific Radio Union, General
Assembly, 13th Commission 4 on Radio Noise

of Terrestrial Origin, Proceedings, London,
England, Sept. 1960, Edited by F. Norner,
New York, Elsevier Publishing Co., 1962,
210 p., A63-22889.

SPRING TUNDERSTORMS OVER BANGALORE

S.V.C. Aiya, et al., Proc. IEEE, vol. 51, no. 11,
Nov. 1963, p. 1493/1501.

• . . utilizing the now known experimental re-

sult that all types of flashes are equally effective
in radiation HF noise .... for investigating
the flashing characteristics of thunderstorms

and deducing therefrom values of flash densities

and thunderstorm parameters such as storm life,
number of cells developed during the lifetime of
a storm, cell life, rates of flashing, etc. The
results of such studies of spring thunderstorms
over Bangalore are discussed.

ATTENUATION CHARACTERISTICS OF RADIO-
ATMOSPHERICS

H. Bhattaeharya, et al., J. Atmos. Terres.

Phys., vol. 26, Feb. 1964, p. 263/271,
13 refs., A64-16136.

Analysis of observed waveform patterns of

radio-atmospherics to obtain amplitude-frequency
spectra and distances of origin ....

MAGNETIC TAPE RECORDING AND REPRODUC-
ING OF ATMOSPHERIC NOISE WITH A WIDE
DYNAMIC RANGE

E.C. Bolton, Rev. Sci. Instrum., vol. 35,

March 1964, p. 377/380, A64-15313.
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• . . can record and reproduce atmospheric
noise with a dynamic range of 90 db. The
frequency range is 1 to 25 ke with a one-haLf

octave bandwidth and, by using frequency conver-
sion, frequencies from 25 to 500 kc may be re-
corded with a maximum bandwidth of 10 kc.

SOME STATISTICAL PROPERTIES OF ELECTRO-
MAGNETIC NOISE

D.G. Childers, et al., University of Southern

California, Los Angeles, Rept. no. EE 107,
Feb• 1964, 41 p• , AD 437 776•

• . . developing a theoretical representation of
the noise which can be used for the evaluation of

various detection techniques .... used to de-
termine the cross-spectral densities and cross-

correlation functions between antenna array ele-
ments in the presence of the noise field only.
Results for unpolarized noise are also obtained.

• . . For certain spatial orientations between
dipoles it is possible to reduce the noise cross-
correlation between these antenna array ele-

ments to zero. This result should prove useful
in future antenna design.

STEPPED STRUCTURE ON THE SUNRISE

EFFECT IN ATMOSPHERICS ACTIVITY
ON 27 KC/S

M.W. Chiplonkar, et al., Indian J. Pure

Appl. Phys., vol. 2, Jan. 1964, p. 30/32,
6 refs., A64-16952.

• . . Data were obtained at Poona, India
between January 1962 and January 1963o
On several occasions, a step structure was
observed Instead of a sIngle fall in the activity.
Two and sometimes three steps were observed
before the fall...

QUARTERLY RADIO NOISE DATA, SEPTEMBER,
OCTOBER, NOVEMBER, 1962

W.Q. Crichlow, et al., National Bureau of

Standards, Boulder, Colo., (NBS-TN-18-16)
June 10, 1963, 124 p., 17 refs., N63-18361.

INFLUENCE OF NATURAL NOISE UPON

ANTENNA SYSTEM PERFORMANCE

A.R. Giddis, IEEE Trans. Aerospace, vol. AS-l,
no. 2, Aug. 1963, p. 287/300.

. . . effects of natural radio noise upon the
performance of ground antenna systems . . .
describes the spatial and spectral properties of
the major sources of radio noise, and presents
the results of a comprehensive program of

machine computation of antenna temperature.
. . . these results and those of a recently com-
pleted noise measurement program are used to
evaluate the carrier-to-noise ratio at a ground
receiving antenna which is tracking a space
probe.

OTSENKA PARAMETROV AMPLITUDNOGO

RASPREDE LENIIA ATMOSFERIKOV,
GENERIRUEMYKH IZOLIROVANNYM

ISTOCHNIKOM (Estimation of the Parameters
of Amplitude Distribution of Atmospherics

Generated by an Isolated Source) (In Russian)
L.G. Makhotkin, Geomagnetizm i Aeronomiia,

vol. 4, no. 1, 1964, p. 200/202, A64-17021.
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• . . describe. . . byalogarithmicallynormal
lawwhosebasicparameteris astandarddeviation
_. Onthebasisofacomparisonofresultsobtained
fromsourceslocatedinvariousgeographicregions,
it is concludedthatthemeanvaluesobtainedfor
arefoundtobeapproximately7to8db.

STATISTICSOFATMOSPHERICRADIOINTER-
FERENCE(Translation)

L.G.Makhotkin,GeomagnetismandAeronomy,
vol.3,no.2, 1963,p. 230/236,17refs.,
A64-14857.

Determinationofthebasicstatisticalregulari-
ties chaxacterizing the amplitude distribution of
atmospheric radio interference, using the avail-
able information on their sources . . . The re-

suits of computation are found to be in agreement
with the experimental data.

ELF AND VLF ATMOSPHERIC NOISE
E.L. Maxwell, et al., DECO Electronics, Inc.,

Boulder, Colo., Rept. no. 30PG, Jan. 1964,

59 p., AD 428 273•

Various parameters of atmospheric noise have
been measured over a wide frequency range (20
c/s to 50 kc/s) at a variety of geographic loca-

tions .... Mean noise density values are given
as a function of time block, season, and region
and axe compared with CCIR predictions.
Standard deviations of the five minute averages
are presented with probability plots of five
minute averages. Finally, geographical varia-
tions are shown for data obtained over a wide

latitude and longitude range•

CALCULATED STATISTICAL CHARACTERISTICS.
OF ATMOSPHERIC RADIO NOISE

T. Nakai, Proc. of the Res. Inst. of

Atmospherics, Nagoya U., vol. 10, Jan• 1963,
p. 13/24, 2 refs., N63-18222.

The poisson noise process is considered in
which the pulses of rectangular form with a con-

stant duration are arriving at the times de-
termined by Poisson's distribution law, and the
average number of the observed pulses per
second, the average duration of the observed
pulses per second, and the probability of time

length which is occupied by the existence of the
observed pulses in the noise process are deduced.

_kGNETIC FIELD VARIATIONS IN VICINITY

OF LIGHTNING DISCHARGES

H. Norinder, Uppsala U. (Sweden) FInal scientific
rept., AFCRL 64 78, 1 Oct. 1958-30 June
1963, 30 June 1963, 23 p., AD 434 772.

EXCITATION OF EARTH-IONOSPHERE CAVITY
RESONANCES BY LIGHTNING FLASHES

E.T. Pierce, J. Geophys. Res., vol. 68,
July 1963, p. 4125/4127, 11 refs., A63-
20139.

Discussion of the limitations of a procedure
for extrapolating HF radio noise from VLF
data for return strokes of a flash ....

RADIO NOISE ANOMALIES IN AUGUST 1958

G.A. Samson, J. Geophys. Res., vol. 68,

May l, 1963, p. 2719-2726, 13 refs., A63-
16745•

1.723: Electrification Noise

Included: Statics; Precipitation noise; Dielectric noise; Precipitation static.

Not Included: Electromagnetic interference inside equipment; Electromagnetic compatibility.

Cross References: AtmospHeric electricity (1. 722).

Principal Publications:

CORRELATION FUNCTION AND POWER
SPECTRA OF RADIO LINKS AFFECTED
BY RANDOM DIELECTRIC NOISE

D.S. Bugnolo, IRE Trans. Antennas Pro-
pagation, vol. AP-7, April 1959, p. 137/
141.

• . . of an electromagnetic wave by an
extension of the notions of time-variable linear
networks.

EVALUATION OF AN INTERFERENCE
BLANKER FOR USE IN CONDITIONS
OF PRECIPITATION STATIC

R.D. Rantz (comp.), Central Experimental
and Proving Establishment (Canada),
July 1959, (CEPE rept. no• 1417; Encl.
3 to Air Attache, Ottawa, rept. no• TL-

113-59), AD 226 162.

THE INFLUENCE OF PRECIPITATION ON

RADAR CONTRAST

K.S. Shifrin, et al., Radio Engrg., vol. 14,
no. 9, 1959, p. 92/102.

PRECIPITATION SCATTER AS AN INTER-
FERENCE SOURCE IN COMMUNICATION

SATE LLITE SYSTEMS
A.S. Dennis, IRE Internat.Cony. Rec., vol. 10,

no. 1, March 1962, p. 145/]51, 24 refs.

• . . Communication satellite systems operat-
ing at frequencies as high as 3 Gc are now in the
active planning stage• A number of recent papers
have dealt with the interference produced at the

ground receiving sites of such systems by
tropospheric scatter from sources below the radio
horizon. However, theoretical and experimental
data from the field of radar meteorology show that
scattering by precipitation particles at 3 Gc can

easily exceed the tropospheric scatter component
by several orders of magnitude•
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1. 724: Turbulent Noise

Included: Plasma noise; Noise from boundary layer turbulence; Noise generated by physical move-
ment of particles in the medium; Noise due to anomalies in the atmospheric refraction index; Noise

from clouds and moist layers; Phase difference fluctuations.

Not Included: Re-entry propagation.

Cross References: Atmospheric noise (1.722); l>recipitation static (1.723).

Principal Publications:

EFFECTS OF CLOUDS AND MOIST LAYER
ROUGHNESS ON RANGE RATE ERRORS OF

RADIO INTERFEROMETER TRACKING AND
GUIDANCE SYSTEMS

R• M• Cunningham, et al., Technical Operations,
Inc., BurlIngton, Mass., Rept. for 1 Aug•
1962-14 Feb. 1963, 3-July 1963, 106 p.,

Rept. nos. SR1, to B63 58, AFCRL 63 706,
AD 423 866•

Undesirable noise in radio interferometer

tracking systems at Cape Canaveral has been
attributed to anomalies in the atmospheric re-
fraction indexes that are associated with inver-

sion layers or clouds. The detailed structure
of such anomalies often includes a moist/dry

air interface that is disturbed by convective pat-
terns or by progagation of gravity or shear
waves. In the present study, highly instrumented
aircraft were used to gather data on the position,

geometry, and composition of these waves or dis-
turbances . • • Mathematical models were . . .

applied... For the Mercury-Atlas 7 shot, the
models produced noise value slightly less than the
actual noise determined from the tracking traces.

AUTOCORRELATION CHARACTERICS OF

PHASE-DIFFERENCE FLUCTUATIONS

A.V. Men', Radio Engng: Transl° of Radio-
tekhnika, vol. 18, no. 2, Feb. 1963, p. 26/35•

• . . which occur in the propagation of waves
in a turbulent medium are considered. Using a

phenomenological description of the medium by
means of a correlation function of Gausstan form,
the autocorrelation coefficients for various paths

are determined by taking into account the effect

of transport both of "frozen" and "unfrozen"
turbulence ....

SPECTRAL CHARACTERISTICS OF PHASE-
DIFFERENCE FLUCTUATIONS

A. V• Men', Radio Engng: Transl. of Radio-
tekhnika, vol. 18, no. 7, July 1963, p. 24/
32.

The spectral characteristics of phase-dif-
ference (amplitude) fluctuations are determined
for waves propagating in a turbulent medium. It
is shown that these characteristics have a number
of distinctive features in comparison with similar

characteristics for fluctuations in absolute phase
(amplitude). In particular, when measurements
are carried out over large bases, the phase-dif-

ference fluctuation spectrum has, independently
of the type of path, an oscillating behavior. A
comparison of theory and experiment is made.

COHERENT EXTRACTION OF SIGNALS FROM
TURBULENT NOISE

D.H. Tack, et al., IEEE Trans. Inform. Th.,
vol. IT-10, no. 1, Jan. 1964, p. 78/88,
13 refs.

This paper reports the results of some theo-
retical and experimental studies of the extrac-
tion of signals from convecting and decaying
fluid dynamic turbulent noise employing an ana-

log correlation receiver. In addition, it pre-
sents an extension of the theory of correlator
analysis for finite observation times to the ease
of a linear time-varying delay .... Noise of
turbulent origin is . . . often encountered in the
transmission medium. This paper treats the

extraction of signals from a particular type of
turbulence, known as boundary layer turbulence,
• . . generally associated with the flow of viscous
fluids such as air or water over rough surfaces.
• . . problems involved in the extraction of sonar

signals and acoustic noise signals from flow noise
associated with fast submarines ....

1.725: Nuclear Noise

Included: Radio noise from nuclear explosions; Nuclear pulse effects in electronic equipment gener-
ating electric noise; Nuclear pulse radiation.

Not Included: Radiation damage to components and equipment.

Cross References: Propagation effects of nuclear explosions (1.641}.

Principal Publications:

ELECTROMAGNETIC NOISE AND PROPAGATION
OBSERVATIONS IN THE VICINITY OF A
NUCLEAR REACTOR
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W.W. Fain, et al., IRE Trans. Antennas
Propagation, vol. AP-6, July 1958, p. 286/
288.
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INDUSTRY PROBES NUCLEAR PULSE

RADIATION

B. Miller, Aviation Week, vol. 73, no. 6,
Aug. 1960, p. 58/73•

• . • a pulse of radiation might scramble the

memory of a computer in a missile guidance
system or may prematurely trigger a decision
circuit which would throw the guidance system
off• Or the malfunctions might temporarily
block radio transmissions from a satellite or

a space vehicle•

EFFECTS OF HIGH-ALTITUDE NUCLEAR
EXPLOSIONS ON RADIO NOISE

C.A• Samson, J. Res• Nat. Bur. Stand, vol. 64D,
no• 1, Jan., Feb. 1960, p. 37/40•

EFFECTS OF NUCLEAR TESTS ON RADIO
NOISE

Wire and Radio Commun., vol. 7, July 1960,

p. 26.

NOISE SIGNALS AND CARRIER MODULATION
ARISING IN ELECTRICAL CABLES DURING
NUCLEAR PULSE IRRADIATION

E. Both, et ai., IEEE Internat. Conv., Rec.,
Pt• 6, vol. 11, no. 6, March 1963, p. 128/
138.

THE TRANSIENT BEHAVIOR OF TRANSISTORS
DUE TO IONIZED RADIATION PULSES

R.S. CaldweU, et al., Commun. Electronics,
vol• 81, no. 64, Jan. 1963, p• 483/491.

The detailed mechanism of secondary photo-
current generation in transistors due to short
pulses of ionizing radiation is discussed quanti-
tatively, and the results of 2_ sec (microsecond)

flash X-ray experiments are explained ....

NUCLEAR PULSE EFFECTS IN CABLES

K. Ilrath, et al., Army Electronics Research
and Development Lab., Fort Monmouth,
N.J., Aug• 1962, 62p., 3 refs; USAERADL-
TR-2292, N63-18999•

An equivalent circuit for a piece of cable is
developed and the differential equations of this
circuit are solved under the conditions of a
transient burst of nuclear radiation and under

various ranges of cable bias voltage.

TRANSIENT RADIATION EFFECTS IN COAXIAL
CABLES DUE TO GAMMA-NEUTRON
RADIATION PULSES

H.W. Wicklcin, Commun. Electronics,
vol. 81, no. 64, Jan. 1963, p. 473/483.

Definitive good-geometry tests have been
performed on RG-59B/U and RG-174/U co-
axial cables at the Kukla pulsed reactor•

• . . The responsible mec_sms are
Compton scattering, ion pair generation, and
secondary emission ....

Related Publications:

RADIO EMISSION FROM AN ATOMIC

EXPLOSION (In Russian)
A.S. Kompaneets, Zh. Eksper. Teor. Fiz.,

vol. 35, Dec• 1958, p. 1538/1544.

• . • radio waves are emitted due to the

presence of a current in the ionized air. The
duration of the oscillation in each half-wave

is of the order of 10_s.

EMISSION OF RADIOWAVES FROM

DETONATIONS

B• Koch, C. Ro Acad. Sci., vol. 248, April1959,
p. 2173/2175.

Transient em waves giving a field strength

of about 600 _v/m close to an explosion of 750 g
of high explosive were recorded using a receiver
tuned to 24.1 inc. They are attributed to ionic
rather than thermal effects•

INVESTIGATION OF RF NOISE GENERATION
FROM SPACE VEHICLES

R.D. Wanselow, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 3, Sept. 1963, p. 346/351.

Analytical and experimental studies have been
made on RF noise generated by two types of ion

propulsion engines, namely the cesium contact
ion engine and the Penning discharge engine.

• . . No noise was experimentally observed from
the cesium contact engine over the frequency
spectrum of 38 to 2200 Mc, but the Penning engine

exhibited electron cyclotron radiation, l>relimin -
ary conclusions of this study are that reliable
communications systems with a vehicle involving
a Penning discharge propulsion engine should
probably be operated above the cyclotron and

plasma frequencies ....
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Section 1.73
Man-Made External Disturbances

This section deals with electrical noise and disturbances created by electrical and mechanical facilities. Only
a number of selected references are included; no special search was made in sources other than those quoted

in the introduction. Since this subject is of interest to power engineers and to mechanical engineers (auto-
motive engineers), many additional references will be found in their specialized publications. Problems of

this nature are only of secondary importance in space communications, because they do not yet occur in space.
Ground stations are carefully placed in areas where such disturbances are unlikely.

i.732: Interference from Machines

Included: Radio interference from ignition systems; Car radio interference; Site noise.

Not Included: Interference suppression devices.

Principal Publications:

THE EFFECTIVENESS OF USING THE
STANDARDS OF INDUSTRIAL RADIO IN-
TERFERENCE EFFECTIVE IN THE

U.S.S.R. TO IMPROVE THE RECEPTION
OF RADIO BROADCASTING AND TELEVISION

V.V. Roditi, et al., Radio Engineering, vol. 13,
no. 6, 1958, p. 75/86.

A method for determining the probability of
the disturbing influence of residual industrial
radio interference is described and the results

of the corresponding calculations and an evaluation
of the effectiveness of using the standards for
some groups of interference sources are quoted.

UBER DAS AUSSENGERAUSCH KOMMERZIEL-

LER ANTENNENANLAGEN (On the External
Noise in Commercial Communications In-

stallations) (In German)
W. Kronjager, et al., Naehrichtentech. Z.

(NTZ), vol. 12, July 1959, p. 371/374.

INTERFERENCE FROM THE IONOSPHERE
M.L. Shapiro, Electronic Industr., vol. 18,

March 1959, p. 77/78.

Skyward facing directional antennas are
easy prey for ionospheric reflection inter-
ference. How to determine the possibilities
of subjection to this source is this articles
objective.

RADIO INTERFERENCE FROM IGNITION

SYSTEMS (Comparison of American,
German and British Measuring Equipment,
Techniques and Limits)

A.H. Ball, et al., Proe. Instn. Elect. Engrs.
Pt. B, vol. 108, no. 39, May 1961, p. 273/
278.

SPECTRUM POLLUTION

R.P. Gifford, IRE Internat. Conv. Rec., Pt. 5,
vol. 10, March 1962, p. 223/225.
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. . . man-made noise... Means can be

found, I am sure, to reduce radio noise radia-

tion from electrical equipment...

CAR RADIO INTERFERENCE SUPPRESSION

J.C. Jennison, Proc. Instu. Radio Engrs.
Australia, vol. 23, no. 4, April 1962,
p. 258/266.

The manner in which an ignition system pro-
duces interference and the effect on the listener

are briefly discussed. The paths by which this
interference enters a car radio are described,

together with measures to reduce the effect.

R.F. INTERFERENCE CONTROL HANDBOOK

B. Kemp, Indianapolis, Indiana, Howard W.
Sams and Co. Inc., 1962, 224 p.

. . . completely covers all phases of R. F.
interference, with special emphasis on causes
and cures. It is a reference for technicians,

engineers and others concerned with electrical
noise problems connected with the design, in-
stallation, operation and maintenance of elec-
trical and electronic systems ....

SITE NOISE AND ITS CORRELATION WITH

VEHICULAR TRAFFIC DENSITY
A.G. Ellis, Proe. Inst. Radio Engrs. Australia,

vol. 24, no. 1, Jan. 1963, p. 45/52.

In the VHF and UHF ranges, one of the major
parameters associated with the prediction of

radiotelephone system performance is the ef-
fective noise factor. This factor is a combination

of the receiver's internal noise factor, a rela-

tively small and constant component, and another
noise factor, called the site noise factor, which
assesses the intensity of the noise fields en-
veloping the receiver's antenna. Although this

latter component has long been known to vary
from site to site, its magnitude for planning
purposes has hitherto been arbitrarily set at one
of several discrete levels, the one chosen being
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determinedsolelybythesizeofthecityin
thevicinityofthesite. Thispapershows
thatpredictionsofgreateraccuracyareob-
tainedwhenthesitenoiseis relatedtothe

nearbytrafficdensity,andasa result of the
measurements taken at various sites in Victoria

and South Wales, suggests the law between them.

1.733: Noise Due to Magnetic Induction

Included: Interference from power lines; TIF = telephone influence factor; Induction of noise.

Not Included: Screening problems; Magnetic screening.

Principal Publications:

PROBLEMS RELATING TO HEAVY CURRENT
CABLE INDUCTION IN TELECOMMUNICA-

TION CABLES WITH INSULATED METALLIC
CABLE SHEATHS

E. Widl, Naehrichtentech. Z., vol. 13, no. 5,
May 1960, p. 233/240.

TELEPHONE INFLUENCE FACTOR (TIF)
AND ITS MEASUREMENT

W.C. Ball, et al., Commun. Electronics,
vol. 79, no. 52, Jan. 1961, p. 659/664.

. . . evaluation of noise originating from
harmonic components present in power system
voltages and currents. Magnetic fields set up

by power currents, and electric fields set up
by power voltages, tend to Induce voltages in
nearby telephone conductors .... the basic

yardstick for gaging a particular power circuit
as a potential noise source is the tel¢Iahone in-
fluence factor (TIF). This factor is dimension-
less and provides an index of the inductive in-
fluence of a power system wave shape ....

INTERFERENCE BETWEEN POWER LINES

AND TELECOMMUNICATION INSTALLA-

TIONS (In German)
J. Sajonz, Frequenz, vol. 15, no. 3, March

1961 t p. 79/87.

A comprehensive paper, dealing, on re-
stricted space, with risk of danger and noise

disturbances, electric and magnetic induction,
Internal impedance of an induced line for both
forms of induction . . .
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Section 1.74
Communications Noise

This section is devoted to references on disturbances which one communications service or channel causes to

another, or to disturbances which originate in communications plants but not inside communications equipment.
Disturbances from navigation services (radar), or ionospheric sounding operations are also included.

1. 742: Correlated Noise

Included: Crosstalknoise; Radar interference; Modulation splatter; Co-channel interference;
Intermodulation noise; Cross loss; CW interference; Adjacent channel interference.

Not Included: RFI protection; Design of multiplex systems (2); Electromagnetic compatibility.

Cross References: Interference reduction in FM systems (Sect. I. 23).

Principal Publications:

RADAR INTERFERENCE TO MICROWAVE
COMMUNICATION SERVICES

R.D. Campbell, Electrical Engng., vol. 77,
Oct. 1958, p. 916/921.

OTHER-THAN-CO-CHANNEL INTERFERENCE
WITH RESPECT TO TROPOSPHERIC

SCATTER COMMUNICATION. PART A.
CONSTANT BARE LY AUDIBLE SIGNALS

S. Perlman, et al., Army Signal Radio
Propagation Agency, Fort Monmouth, N.J.,
May 1959, 145 p., AD 209 737, (See also
AD 304 350.

• . . A supplement is included covering co-
band interference at 2000 Mc and second
harmonic interference from 1000 Mc FPTS
equipment.

ANALYSIS OF THE SPECTRAL SHAPE OF
MODULATION SPLATTER

R. Price, IRE Nat. Conv. Ree., vol. 6,
no. 8, March 1958, p. 119/127.

Transmitter overload gives rise to
'modulation splatter', an undesirable spread-

ing of the transmitted spectrum beyond the
normal band. Using gaussian noise to repre-
sent the modulating signal, splatter power
spectrum is investigated for AM and single-
sideband-suppressed-carrier (SSSC) trans-
mitters.

REDUCTION OF ADJACENT-CHANNEL
INTERFERENCE COMPONENTS FROM
FREQUENCY- SHIFT-KEYED CARRIERS

A.D. Watt, et al., IRE Trans. Comman.

Syst., vol. CS-6, Dec. 1958, p. 39/47.

FINDING RADIO-FREQUENCY INTERFERENCE
LE VE LS

J.G. Arnold, Electronics, vol. 32, no. 48,
Nov. 1959, p. 71/73.

. . . how to estimate intermodulation products
imposed on a transmitted frequency by an inter-
fering transmitter.

REDUCTION OF CO-CHANNEL INTERFERENCE
BY PRECISE FREQUENCY CONTROL OF
TELEVISION PICTURE CARRIERS. PART II.

W.L. Behrend, RCA Rev.,vol. 20, no. 2,
June 1959, p. 349/364•

The visibility of co-channel television inter-
ference has maxima and minima at carrier off-
set frequencies which are multiples of frame

frequency• Earlier subjective tests determined
the reduction in visibility of co-channel inter-
ference which might be achieved by precise car-
rier frequency control for the condition of one

station, at a 10- or 20 kilocycle offset, inter-
fering with the desired station.

Additional subjective tests have been made for
the following conditions: two offset stations
simultaneously interfering with a desired station;
an on-frequency station interfering with a desired
on-frequency station; and a series of tests with
moving pictures as the desired picture and as the
source of visual interference from a co-channel

station offset 10 or 20 kilocycles ....

REDUCING MUTUAL RADAR INTERFERENCE
K.H• Chase, et al., Electronics, vol. 32,

July 1959, p. 39/43.

INTERCHANNEL INTERFERENCE IN F.M.
AND P.M. SYSTEMS UNDER NOISE

LOADING CONDITION (In Japanese)
M. Kuwabara, J. Inst. Elect. Commun. Engrs.,

vol. 42, no. 7, July 1959, p. 689/696•

TRANSIENT CROSS MODULATION IN THE

DETECTION OF ASYMMETRIC SIDEBAND
SIGNALS

T. Murakami, et al., RCA Rev., vol. 20, no. 3,
Sept. 1959, p. 455/472.

A detailed analytical study of transient cross
modulation in the detection of multiple-signal
asymmetric-sideband systems is presented.
Various signal conditions and detection methods
are considered• The transient crosstalk in

both an idealized system and in a practical
system is determined. Calculations show that
the peak amplitude of the transient cross
modulation can be many times as large as the
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steady-statecrossmodulation.It is shown
thatproductor synchronousdetectorscan
eliminatetheeffectsofcrossmodulation....
if twosignalsarepresentatthedetector,a
suddenchangeinoneofthemcausesaspurious
changeintheamplitudeandphaseoftheother.
Thistypeofdistortionwillbecalledtransient
crosstalkdistortiontodifferentiateit fromthe
normalcrosstalkbetweentwoormoresteady
carriers.A latersectionshowsthatthe
transientcrosstalkdistortioncanbemany
timesthesteady-statecrosstalk....

NON-LINEARNOISEIN FDMTROPOSPHERIC
SCATTERVOICECOMMUNICATION
SYSTEMS

L•P. Yeh,Conf.Proc. Nat. Conv. Mil.
Electronics, vol. 3, June 1959, p. 152/166•

• . • The total noise has mainly two origins:
(a) nonlinear noise (sometimes called inter-
modulation noise or crosstalk) due to non-
linearity of the system components • . . and
(b) other noises such as thermal noise inherent
in the receiver and external noises . • .

ANALYSIS OF RFI IN TRANSMISSION LINES

D• C. Ports, et al•, Electronic Industr., vol.

19, no• 7, July 1960, p. 93/100.

RADAR INTERFERENCE WITH MICROWAVE
RADIO

R.L. Robbins, Bell Lab. Record, vol• 38,
no. 4, April 1960, p. 142/145•

IMPROVED LINE IMPEDANCE STABILIZATION
METHOD

J. Shaw, et al., Steddart Aircraft Radio Co.,
Hallywood, Calif., Final rept., Oct. 1960,
Iv., AD 419 512.

• • . to develop improved or new techniques
of measuring RF conducted interference at fre-
quencies ranging from 14 kilocycles to 100

megacycles .... new and improved line
impedance stabilization methods . . . (a)

Application of the two-current-probe method
for measuring impedance and current of actual
impedance sources .... (b) Application of the
use of half of a current probe for measuring
surface currents ....

RADIO-FREQUENCY INTERFERENCE

CONSIDERATIONS IN THE TD-2 RADIO
RELAY SYSTEM

H•E. Curtis, Commun. and Electronics,
no• 47, March 1960, p. 64/70.

INTERMODULATION ON AMPLITUDE-
MODULATED MULTI-CHANNEL LINE
LINKS

J. C.H. Davis, et al., Proc. Instu. Elect.
Engrs. Pt. C, London, vol• 107, no. 12,
Sept. 1960, p• 342/352, 13 references.

• • . a method for estimating the total
intermodulation noise power falling into any
channel in the transmission band of an a.m.

multi-channel line system with many repeater
sections in tandem• These sections may be
composed of widely varying lengths of cable
imperfectly equalized by non-identical
amplifiers whose in-band feedback, output
load impedance and output network response
all vary with frequency ....

VOICE IMMUNITY OF TONE OPERATED
SWITCHING CENTERS

J• H• Guenther, et al•, Commun. Electronics,
vol• 79, no. 51, Nov. 1960, p. 553/557•

Tone operation of electronic switching
centers is the natural outgrowth of 4-wire
operation of communication systems using
a radio link .... to determine what part of
the spectrum should be utilized for the control

tones .... The system here described was • • .
for the Army field switchboard ....
specifications • • .
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INTERMODULATION MEASUREMENTS ON

MULTICHANNEL CARRIER EQUIPMENT

A.W. Thies, Proc. Instn. Radio Engrs.
Austrailia, Sp• Issue on Measurements in
Electronics, vol• 21, no. 10, Oct. 1960,
p. 715/718.

NOISE AND INTERMODULATION PROBLEMS
IN MULTICHANNEL CLOSED-CIRCUIT

TE LEVISION SYSTEMS

C.A. Collins, et al•, Commun. Electronics,
vol. 80, no• 57, Nov. 1961, p. 486/491.

in the past decade there has been a rapid
growth in communication facilities designed to

transmit television (TV) signals relatively short
distances over coaxial cables. These systems
handle six or more video signals which
amplitude-modulate (AM) r-f (radio-frequency)
carriers in the 8- to 220-mc (megacycle) range.
The associated audio signals frequency-modulate
(FM) r-f sound carriers whose rest frequencies

are 4.5 mc away from their associated picture
carriers .... This paper will discuss two
problems.., thermal noise and intermodulation
products created by amplifier nonlinearity ....

INTERMODULATION NOISE IN L AAR F.M.
SYSTEMS

R. I. Magnusson, l>roc. Instu. Elect. Engrs.
(GB), Monogr., 459 E•, July 1961, 13 p•

By applying a series of detailed approximations
to the Rice and Bosse theory of f• m. inter-
modulation noise, the recent formulae of
Medhurst and Roberts for intermodulation noise/

sigzml ratios in f.m. systems with white-noise
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modulationandnetworksofpolynomial
frequencycharacteristicsareextendedin
threerespects:• . .

PROBABILITIESOFINTERFERENCEWITH
MOBILEFIELDRADIODERIVEDFROM
A FIELD-STRENGTHSURVEYAT59Mc/s

D.R•Thomas,l>roc.Instn•Electr.Engrs•
Pt.B, (London),vol.108,no.39,May
1961,p. 264/272,25refs.

• . . experimentalinvestigationofcommon-
andimmediately-adjacent-channelinterference
areasformobileradionetworks,basedona
field-strengthsurveyat 59Mc/soverflatand
hillycountryinnorth-westGermany....
Particularattentionhasbeenpaidtoinvestigating
thedistributionoffieldstrengthateachdistance,
whichis showntoapproximatecloselytolog-
normal.It is alsoestablishedthatthevariance
oftheselog-normaldistributionsmaybe
consideredtohaveasinglevalueofeachtype
ofcountry,irrespectiveofrange.Protection
ratiosacceptablefor satisfactoryoperationare
determinedfromexperimentalobservationof
common-andadjacent-channelinterference.

PROBABILITIESOFINTERFERENCEWITH
MOBILEFIELDRADIODERIVEDFROMA
FIELD-STRENGTHSURVEYAT59Mc/s

Proe.Instn.Elect.Engrs.,vol.180B,May
1961,p• 264/272.

• . . experimentalinvestigationofcommon-
andimmediately-adjecent-channelinterference
areasformobileradionetworks,basedona
field-strengthsurveyat59Mc/soverfiatand
hillycountryinnorth-westGermany....
ONTHECAPACITYOFA BAND-LIMITED

CHANNELPERTURBEDBYSTATISTICALLY
DEPENDENTINTERFERENCE

N. M.Blachman,IRETrans.Inform.Th.,
vol.IT-8,no.1, Jan.1962,p. 48/55.

THEEFFECTOFSTATISTICALLY
DEPENDENTINTERFERENCEUPON
CHANNELCAPACITY

N.M.Blaehman,IRETrans.Inform.Th•,
(intern.Syrup.Brussels1962),vol. IT-8,
no.5, Sept.1962,p. $53/57,10refs.

Boundsarederivedandplottedfor the
capacityofaband-limitedcommunication
channelthatacceptssignalsofspecified
averagepowerasinput,addingtothemwhite
gaussiannoiseandinterferenceofspecified
averagepowerwhichmaydependonthesignal
beingsentandonall oftheothersignalsin the
codebook.... Thepresentpaperdealswith
agameinwhichacodeis first selected--
includingexplicitmethodsforbothencodingand
decoding--withtheintentionthatit beas
resistanttointerferenceofanykindaspossible.
Thenamessageis sentbymeansofthiscode,
subjecttoadditiveinterferencewhichmaydepend
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onthemessagebeingsent(itmightbeinferred
fromashortsampleofthebeginningofthesignal)
andonthecode.Thepay-offis theamountof
informationthatis reliablyreceived....
TELEVISIONBROADCASTTRANSMITTER

SERVICEAREAPREDICTION
M.W.Davies,Proc.Instn.RadioEngrs.

Australia,vol.23,no.10,Oct.1962,
p. 555/575.

. . . service area of a television broadcast

transmitter . . . Iso-service diagrams for
adjacent channel and co-channel interference

conditions are described .... typified by
considering conditions for VHF transmitters
in the Newcastle-Sydney-lllawarra area of
New South Wales ....

UBER DEN ENTSTEHUNGSMECHANISMUS

DES NEBENSPRECHENS SYMMETRISCHER

LEITUNGEN (On Crosstalk Interference

Over Symmetrical Lines) (In German)
W. Klein, Arch• Elekt. Uebertragung, vol. 16,

Oct. 1962, p. 525/531.

• . . the fundamentals of the nearly-
tranversal and the non-transversal cross-talk

theory. Subsequently the loci of far-end
intraquad and interquad crosstalk are derived

by reference to the basic formulae of the
nearly-transversal crosstalk theory and
compared with measurements at frequencies
up to Mc/s on a four-pair carrier cable and a

twenty-pair local cable ....

INTERMODULATION NOISE IN LINEAR F.M.
SYSTEMS

R.I. Magnusson, Prec. Instn. Elect. Engrs.,
(Pt. C), vol. 109, no. 15, March 1962,
p. 32/44.

By applying a series of detailed approxima-
tions to the Rice and Bosse theory of f. m.
intermodulation noise, the recent formulae of
Medhurst and Roberts for intermodulation

noise/signal ratios in f.m. systems with
white-noise modulation and networks of

polynomial frequency characteristics are
extended in three respects: (a) to the calculation
of the noise ratio at any modulation frequency,

(b) to network real and imaginary characteristics
of eighth and seventh degree, respectively, and
(c) to the case of pre-emphasis. The theory is
illustrated by application to the cases of a signal
with C. C. I. R. pre-emphasis passing a stagger-
tuned triple without and with group-delay

equalization.

F.M. INTERFERING CARRIER DISTORTION:
GENERAL FORMULA

R.G. Medhurst, Proe• Instn. Elect. Engrs.,
vol. 109, no. 44, March 1962, p. 149/150•

The problem of the distorting effect of an

interfering carrier on f.m. systems is one of
long-standing interest .... There is need
for a formula of general validity giving the
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distortionofanf.m. signalduetoaninterfer-
ingf.m. carriermodulatedbyintelligenceof
adifferentformfromthatofthewantedmodu-
lation . • . Thissituationmayoccur,for
example,intheinteractionofsatellitecommuni-
cationsystemsandline-of-sighttrunk-radio
systems.... Therequiredformulacan
readilybederived....
INTERMODULATIONNOISEINFMTROPO-

SCATTERLINKS(Correspondence)
W.Siehak,etal., Proc•IRE,vol•50,

no.10,Oct.1962,p. 2113.

. • . approximateformulafor theinter-
modulationnoiseproducedbytropospheric
scattering....

COMPARATIVEPERFORMANCEOFDIGITAL
DATATRANSMISSIONSYSTEMSINTHE
PRESENCEOFCWINTERFERENCE

F.G.Splitt,IREInternat.Cony.Rec.,Pt. 8,
vol.10,March1962,p. 72/81•

• . . Theperformanceofdifferentialphase-
shift,coherentphase-shift,amplitudekeyed,
frequencyshiftandtime-shiftbinarydigitaldata
transmissionsisdetermined•

COMPARATIVEPERFORMANCEOFDIGITAL
DATATRANSMISSIONSYSTEMSINTHE
PRESENCEOFCWINTERFERENCE

F•G.Splitt,IRETrans.Commun.Systems,
vol.CS-10,no.2, June1962,p. 169/177.

• • • Theresultsobtainedcanalsobe
utilizedtoascertainsystemperformancein
thepresenceofinterferencefromsimilar
systemsandfor certainclassesofinterrupted
CW(ICW)interference.... Theperformance
ofdifferentialphase-shift,coherentphase-shift,
amplitude-keyed,frequency-shiftandtime-shift
binarydigitaldatatransmissionsisdetermined.

REDUCINGTHEEFFECTSOFINTERSYMBOL
INTERFERENCEWITHCORRELATION
RECEIVERS

J.M.Aein,etal., IEEETrans.Inform.Th.,
vol. IT-9,no.3, July1963,p. 167/175.

• . . optimizationofaclassoflinearre-
ceiverstominimizetheeffectsofthisinter-
ference.... Theoptimumdecisionlevelas
wellasoptimumimpulseresponseis determined
for receiverswithandwithoutmemorywherea
prioriknowledgeofthechannelcharacteristics
areavailable....

INTERFERENCEAPPLIEDRESEARCHDATA
COLLECTIONANDANALYSIS•MODULA-
TIONANDDETECTIONTECHNIQUESFOR
INTERFERENCESUPRESSION

S.J.Andrzejewski,etal., BendixRadioDiv•,
BendixCorp.,Baltimore,Md.,Finalrcpt.,
RADCTDR63148.AD406221.
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• ° . theoreticalandpracticalproblemsin-
volvedin theselectionofanoptimumcom-
municationsystem,whentheinterferencecon-
sistsofarandomdistributionoffriendlypulse
radarsarediscussed.Four.. • techniques. . •
i.e., widebandFM,pseudo-randomspreadspec-
trum,pulsepositionmodulation,andpulsecode
modulation.., requiredpost-detectionsignal-
to-noiseratioofatleast50db. . . A PCMsys-
temusingaredundancyfeasibilitymodel. • .
wastestedandevaluatedundercontrolledfield
conditions,andtheresultsarecomparedwiththe
theoreticalexpectations•

A METHODOFESTIMATINGTHE1%MINIMUM
CROSSTALKLOSS(FORVOICEFREQUENCIES
INA PAIREDCABLEWITHOUTEMPIRICAL
DATA

D.Aviv,etal., IEEETrans.Commun•Elec-
tronics,no.69,Nov•1963,p. 668/673.

• . . Amathematicalmethodforestimatingthe
erosstalklosscorrespondingtoaprobabilityof
occurrenceofP%ataspecificvoicefrequencyis
described.Themethodrequiresonlytheinforma-
tioninagivencablespecificationregardingun-
balancedcableparametersandthecablemanu-
facturer'sinspectionprocedure•

ANOTEONTHECORRELATIONFUNCTIONOF
NONINDEPENDENT,OVERLAPPINGPULSE
TRAINS

E.D.Banta,IEEETrans.Inform.Th.,vol.IT-
10,no.2,April1964,p. 160/161.

BiorciandMazzettihavefoundageneral
formulafor thecorrelationfunctionofnoninde-
pendent,overlappingpulsetrains;however,
its applicationinvolvesconsiderablemathematical
difficultiesingeneral.Thispapershowshow
thesedifficultiescanbeavoided....

A METHODFORPREDICTINGINTERCHANNEL
MODULATIONDUETOMULTIPATHPROPA-
GATIONINFMANDPMTROPOSPttERIC
RADIOSYSTEMS

C.D.Beach,etal., BellSyst.Tech.J., vol.42,
no.1, Jan.1963,p. 1/36.

• . . interchannelmodulationduetomultipath
propagationonangle-modulationtropospheric
scatterradiosystems.Valuesofsignal-to-
intermodulationratio,S/I, arecalculatedfor
variouspairsofsignalreflectionsin thetropo-
sphere,takingintoaccountthebasebandwidth
andfrequencydeviationofthesystem,theantenna
patterns,thepathgeometry,andclimaticcondi-
tionsduringthe"worstmonth"ofpropagation•
Thelowestvalueof S/I (worstintermodulation)
computedfor suchparisofsignalreflectionsis
thencorrectedempiricallytoaccountformulti-
plereflections.Theresultrepresentsthe
medianvalueofS/Iexpectedduringtheworst
monthoftransmissiononaspecifiedpath....
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INTERCHANNEL INTERFERENCE IN FM
SYSTEMS PRODUCED BY CONTINUOUS
RANDOM MODE CONVERSION IN CIR-
CULAR ELECTRIC WAVEGUIDE

L.H• Enloe, Bell Syst• Tech. J., vol. 42,
no. 6, Nov• 1963, p• 2765/2786•

Long-distance, high-capacity transmission
via the TE01 mode in circular waveguide is an
attractive goal because the theoretical attenua-

tion caused by heat loss decreases monotonically
as the frequency of operation increases. How-
ever, continuous random mode conversion caused

by the manufacturing or the laying of the wave-
guide causes severe random fluctuations with

frequency in the transfer function of present-day
waveguide, a fact which apparently eliminates
all but the "toughest" modulation schemes, such
as pulse code modulation and angle modulation.

In this paper, we present the derivation of a

technique for analyzing the effects of continuous
random mode conversion on an angle-modulation
wave . • . The examples use typical state-of-the-
art data and are significant in that they demon-
strate that FM appears to be an attractive modu-
lation scheme . . .

ON THE USEFULNESS OF SIGNAL DESIGN
TECHNIQUES IN ADAPTIVE TELEMETRY
LINKS

J•C• Hancock, et al., Proc• internat. Telem.
Couf•, vol. 1, Sept• 1963, p. 322/327.

• . . primary emphasis on the intersymbol
interference problem ....

METHODS FOR CALCULATING DISTANCE
SEPARATION FOR NONINTERFERING
TRANSMISSIONS

A.J. Hoehn, IEEE Trans. Electromagnetic
Compatibility, vol. EMC-6, Jan• 1964,
p• 12/27, 6 refs., A64-15074•

• • . distance required between transmitters
with co-channel frequency assignments so that

interference between them may be held below a
specified level . . . utilization probabilities re-
sulting from communications traffic volume . • .

A graphical-analytic method is developed which
reduces the usual path attenuation vs distance
charts to normalized form . . .

K TEORII PROKHOZHDENIIA SHIROPOLOSYNKH
SIGNALOV V SISTE_LkKIt NAZEMNOI

KOSMICHESKOI SVIAZI (Contribution to the
Theory of Wide-Band Signal Transmission in

Ground-Based Space Communications Systems)
(In Russian)

A• V• I>rosin, Radiotekhnika i Elektronika, vol. 8,
Nov. 1963, p. 1822/1833•

• . . Developed is a method for calculating
cross noise created by the dispersion-induced
distortions in multichannel multiplexed FM com-

munications systems based on the use of artificial
Earth satellites•

CROSSTALK IN TIME DIVISION MULTIPLEX

SYSTEMS (Correspondence)
L. Saporta, et al., IEEE Trans. Commun. Syst.,

vol. CS-ll, no. 2, June 1963, p. 250/253•

An analysis of the interchannel crosstalk in

time division multiplex system is given. The re-
sults apply to systems with a general linear trans-
mission channel and with arbitrary sampling
waveforms ....

ELECTRONIC EQUIPMENT INTERFERENCE
CHARACTERISTICS-COMMUNICATION
TYPE

R.D. Trammell, Jr•, et al., Georgia Inst. of
Tech., Engineering Experiment Station,

Atlanta, Quarterly rept• no• 2, 15 May-15Aug.
1963, Rept. no. 23, 15 Aug• 1963, 66 p.,
AD 423 645.

Qualitative common-channel interference tests
were made on a wide-band FM system. The effect
of simultaneous reception of two signals on the

understandability of the desired received signal
is reported. Two path interference tests were
initiated on a radio relay system which employs
time division multiplexing ....
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Related Publications:

INTERFERENCE IN FM RECEPTION

J. Granlund, Res. Lab. Electronics, M.I.T.,
no. 42, Jan. 1949•

FREQUENCY-MODULATION INTERFERENCE
REJECTION WITH NARROW-BAND LIMITERS

E.J• Baghdady, Proc. IRE, vol. 43, Jan• 1955,
p. 51/61.

MAKING TRANSMITTERS RFI-FREE

C.E. Blakely, et al., Electronic Industr., vol.
19, no. 3, March 1960, p. 132/141, Many
refs.

OPTIMUM-DE-CODING SYSTEM FOR THE
TRANSMISSION OF THE MAXIMUM NUMBER
OF PARAMETER VALUES IN THE PRESENCE
OF NON-ADDITIVE NOISE

B.S. Fleishman, Radio Engng: Transl. of
Radioteklmika, vol. 15, no. 8, 1960, p. 36/46.

• . . construction of a system of de-coding
which for definite types of modulation will ensure
that the maximum number of parameter values

will be reliably transmitted in the presence of
non-additive noise ....

METHOD OF INCREASING THE SELECTIVITY
OF RECEIVERS FOR TWO AM SIGNALS

WITH SUPERIMPOSED FREQUENCY
SPECTRA

Yu. N. Babanov, Radio Engug: Transl. of
Radiotekhnika, vol. 17, no. 12, Dec.
1962, p. 45/48.

• . . The presence in the receiving channel of

the communication system of powerful oscillations
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of an interfering station worsens the reception
conditions and into a breakdown in communi-

cations. In order to design a system capable of

eliminating the harmful effect of the interfering

station, we shall make use of the fact that the

probability that the carrier frequencies of the

desired and interfering stations are coincident

is very small. In other words, we shall assume

that the carrier frequency _cu of the unwanted

station differs from the carrier frequency u_ w of
the wanted station... The circuit is a special

converter stage in which the band-pass filter

F2, tuned to the intermediate carrier frequency
of the wanted station, is the anode load of a con-

verter tube, while the circuit consisting of the

narrow-band filter F 1 with variable tuning, a

frequency multiplier (doubler), and a phase

shifter serves to generate a special hetero-
dyning voltage which is applied to the conversion

grid of the tube. We . . . show how such a system

of special IF amplifier stages is effective in

eliminating the harmful effect of the signal of the
unwanted station ....

THE RESPONSE OF AN AUTOMATIC PHASE

CONTROL SYSTEM TO FM SIGNALS AND

NOISE

D.L. Schilling, Microwave Research Inst. of

Broo_yn, N.Y., (Research rept. no.

PIBMRI-1040-62), June 1962, 136 p., incl.
illus, tables, refs., AD 295 555.

. • . Emphasis is placed on the system's

response to frequency ramp modulated signals.

• . . The response of the system to an FM

signal is obtained using a perturbation technique

and perturbing about the solution to the nonlinear

pendulum problem. A piecewise-linear solution

is also presented...

BOOTHROYD AND INTERSYMBOL INTER-

FERENCE REDUCTION (Correspondence)

R. D'Attilio, IEEE Trans. Inform. Th.,

vol. IT-10, no. 3, July 1964, p. 257.

EXPERIMENTAL INVESTIGATION OF A METHOD

FOR IMPROVING THE SELECTIVITY OF

RADIO RECEIVERS FOR OVERLAPPING AM

SIGNAL SPECTRA

Yu. N. Babanov, Radio Engng: Transl. of

Radiotekhnlka, vol. 18, no. 6, June 1963,
p. 27/30.

Results of experimental investigations on the

separation of two AM signals with overlapping

frequency spectra in radio receivers are reported.

The experimental circuit with which the investiga-

tion was performed is given ....

A DIGITAL WIDE-BAND NONLINEAR RECEIVER

CAPABLE OF NEAR OPTIMUM RECEP-

TION IN THE PRESENCE OF NARROW-

BAND INTERFERENCE

J.C. Hancock, et al., IEEE Trans. Commun.

Syst., CS-11, no. 3, Sept. 1963, p. 272/279.

390

In a wide-band communication system the

additive disturbances in the channel are less likely
to be white Gaussian noise than in narrow-band

links .... illustrates how linear receivers can

be made more optimum by incorporating a non-

linear transformation which precedes detection.
Narrow-band AM stations are assumed to be the

only additive disturbance in the channel. Adaptive

techniques are also suggested...

A FUNCTIONAL ANALYSIS RELATING DELAY

VARIATION AND INTERSYMBOL INTER-

FERENCE IN DATA TRANSMISSION

R.W. Lucky, Bell Syst. Tech. J., vol. 42,

no. 5, Sept. 1963, p. 2427/2483°

A relationship is derived between the delay

characteristic in a data transmission system and

the distortion in the form of intersymbol inter-

ference created by the delay variation. The re-

lationship is valid for small delay and involves a

sequence of linear functionals, each of which has

a particular significance ....

O VLIIANII FORMY SIGNALA NA EGO

OBNARUZHENIE PRI NORMA L'NYKH

KORRELIROVANNYKH POMEKHAKH (The

Effect of Shape on Signal Detection in the

Presence of Normal Correlated Noise)

(In Russian)

V.F. Nesteruk, Radiotekhnika i Elektronika,

vol. 8, Aug. 1963, p. 1319/1325.

. . . the problem of optimum signal detection
for the conditions of correlated noise. An ex-

ample of Markov noise is considered•

RECEPTION OF A PULSE PACKET IN THE

PRESENCE OF CORRELATED NOISE

V.F. Nesteruk, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 8, Aug. 1963,

p. 8/14.

A method of calculating the optimum configura-

tion of a packet of coherent pulses received on a

background of correlated noise is described. .

The optimum configuration of the packet is found

for Markov noise. A distinctive feature in the

reception of a finite pulse packet is the fact that

noise cannot be assumed to be uncorrelated. As

a result, the probability of correct detection of

a pulse packet will depend not only on the power
level of the packet but also on the shape of the

pulses of which the packet consists and on the

power distribution over the packet...

THE APPLICABILITY OF SIGNAL DENSITY

STUDIES IN INTERFERENCE PREDICTION

O.M. Salati, Inst. for Cooperative Research,

Univ. of Pennsylvania, Philadelphia, Rept.

no. IS63 UR6, RADC TDR63 359, suppl. 1,

Dec. 1963, 265 p., AD 436 640.

• • • systematic procedure for studying the

problems and interactions of communications

systems ....
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1. 743: Pulsive Noise in Communications Channels

Included: Impulse noise on lines and cables; Models for impulse noise; Error clustering related to

impulse noise; Hyperbolic error distribution.

Not Included: Noise suppression circuits; Noise cancellation techniques (2).

Cross References: Atmospheric noise (1. 722); Analysis of pulsive noise (1. 717).

Principal Publications:

NOISE MEASUREMENTS ON TELEPHONE

CIRCUITS

H. C. Franke, Tele-Tech and Electronic In-

dustries, vol. 14, March 1955, p• 85.

DETECTION OF ASYMMETRIC SIDEBAND SIG-

NALS IN THE PRESENCE OF NOISE

T. Murakami, et al•, RCA Rev., vol• 19, no•

3, Sept. 1958, p. 388/417, 19 refs.

The first part of this paper analyzes three

methods of detection of signals contaminated by
fluctuation noise:

(1) Linear Envelope Detectors

(2) Product Detectors

(3) Exalted Carrier Detectors

A new ratio, the "video-to-noise-error ratio"

is proposed for a more adequate quantitative

evaluation of detector performance .... The

second part of this paper analyzes the effects

of impulse noise on the detection of asymmetric

sideband signals. It is shown that product de-
tectors eliminate the rectification of the noise

envelope found in envelope detectors. This is of

particular interest in assymmetric sideband

systems where the noise output will be at re-

latively high frequencies. These can often be

separated from lower frequency signals, making

possible efficient impulse noise suppression.

STATISTICAL ERROR CONTROL OF A

REALIZABLE BINARY SYMMETRIC

CHANNE L

I. S. Reed, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 1 Nov. 1959, 13 p.,
AD 241 453.

• . . It is shown how the statistics of a

channel can be measured as the message is

being received. A confidence level acceptance

or rejection criterion is presented which is
based on these measurements• In order to

accomplish this aim, a phone line channel is

studied .... binary symbols are distinguished

from one another by 180 ° phase reversals of a
carrier.., noise.., occurs in bursts...

no a priori knowledge of the expected noise

power ....

EVALUATION OF MESSAGE CIRCUIT NOISE

A. J. Aikens, et al., Bell Syst. Tech. J.,

vol. 39, no. 4, July 1960, p. 879/909.

CAPABILITIES OF THE TELEPHONE NET-

WORK FOR DATA TRANSMISSION

391

A. A. Alexander, et al., Bell Syst. Tech. J.,

vol. 39, no. 3, May 1960, p. 431/476.

This paper presents the results of a nation-

wide data transmission field testing program

on the telephone switched message network.

Error performance using the FM digital sub-

set is described and basic transmission charac-

teristics such as net loss, bandwidth, envelope

delay and noise are given.

THE TESTING OF DIGITAL DATA TRANS-

MISSION CHANNELS AND CIRCUITS

R. G. Enticknap, Proc. Nat Electronics Conf.,

vol. 16, Oct. 1960, p. 66/71, 9 refs.

• . . concentrated primarily on telephone

circuits of a type generally available, aims

at a better understanding of these transmission

media, particularly in respect of the additive

and multiplieative noise which appears to con-

stitute the major source of errors in current

data transmission systems.

• . . a number of phases: (1) the measure-

ment of errors . . . (2) the measurement of

additive noise . . . (3) the measurement of

dynamic characteristics . . . involved both

field and laboratory measurements .... While

no results of these measurements are given,

they are referenced in other papers. An at-

tempt is made to summarize the program to

date . . .

CAPACITY OF A BURST-NOISE CHANNEL

E. N. Gilbert, Bell Syst. Tech. J., vol. 39,

no. 5, Sept. 1960, p. 1253/1265.

A model of a burst-noise binary channel uses

a Markov chain with two states G and B. In

state G, transmission is error-free. In state

B, the channel has only probability h of trans-

mitting a digit correctly.

MEASURED ERROR DISTRIBUTIONS ON THE

BELL A-I FACILITY OVER VARIOUS
MEDIA

E. J. Hofmann, Proc. Nat. Electronics Conf.,

vol. 16, Oct. 1960, p. 37/44.

Comparison of radio noise data for August

1958 with those for later years, showing that

the Johnston Island nuclear explosions on

August 1 and 12, 1958, affected the atmospheric

radio noise over a wide area in the Pacific re-

gion. Graphs of the midnight noise level at
several frequencies from 13 kc to 5 Mc illustrate

apparent noise anomalies at Cook, Australia;

Ohira, Japan; Byrd Station, Antarctica; and
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Singapore. These anomalies resemble in several

respects the well-marked effects previously noted

at Kekaha, Hawaii.

RADIO EMISSION FROM CLOUDS

J.D. Sartor, J. Geophys. Res., vol. 68, Sept.
15, 1963, p. 5169/5172, A63-22370.

• . . Preliminary studies have revealed

radio emission from colliding charged water
drops at frequencies of the order of tens of

megacycles, possibly higher ....

ON THE INTEGRATED FIELD INTENSITY OF

ATMOSPHERICS

K. Sao, J. Atmos. Terrest. Phys., vol. 26,
March 1964, p. 367/374, 7 refs., A64-16810.

Statistical approach to the evaluation of

Rayleigh distribution noise ....

ELF AND VLF ATMOSPHERIC NOISE

E.L. Maxwell, et al., DECO Electronics, Inc.,

Boulder, Colo., Rept. no. 30P6, 10 Jan.
1964, 59 p., AD 428 273.

Various parameters of atmospheric noise

have been measured over a wide frequency range

(20 c/s to 50 kc/s) at a variety of geographic

locations .... Mean noise density values are

given as a function of time block, season, and

region and are compared with CCIR predictions.

Standard deviations of the five minute averages

are presented with probability plots of five

minute averages. Finally, geographical varia-
tions are shown for data obtained over a wide

latitude and longitude range.

Related Publications:

PERFORMANCE OF SOME RADIO SYSTEMS

IN THE PRESENCE OF THERMAL AND

ATMOSPHERIC NOISE

A.D. Watt, et al., Proc. IRE, vol. 46,

Dec. 1958, p. 1914/1923.

PHENOMENA OF SCINTILLATION NOISE IN
RADAR-TRACKING SYSTEMS

J.H. Dunn, et al.,Proc. IRE, vol. 47, May
1959, p. 855/863.

THE THEORY OF THE COSMIC BACKGROUND

RADIO SIGNAL RECEIVED WITHIN THE

IONOSPHERE

K.C. Budden, et al., Royal Society (London),

Proceedings, Series A, vol. 277, Feb. 11,

1964, p. 365/384, 16 refs., A64-14769.

Study of the electric and magnetic fields to be

expected within the ionosphere from a background

source uniformly distributed across the sky.

• o •

EFFECTS OF CLOUDS AND MOIST LAYER

ROUGHNESS ON RANGE RATE ERRORS OF

RADIO INTERFEROMETER TRACKING AND

GUIDANCE SYSTEMS

392

R.M. Cunningham, et al., Technical Operations,

Inc., Burlington, Mass., Rept. for i Aug.

1962-14 Feb. 1963, 3-July 1963, Rept. nos.

SR1, to B63 58, AFCRL 63 706, 106 p.,
AD 423 866.

Undesirable noise in radio interferometer

tracking systems at Cape Canaveral has been

attributed to anomalies in the atmospheric re-
fraction indexes that are associated with in-

version layers or clouds ....

EXPERIMENTAL RESEARCH INVESTIGATION

OF EXTREMELY LOW FREQUENCY

PROPA GA TION

G.R. Dunn, et al., Space General Corp., E1

Monte, Calif., Rept. no. 212R8, AFCRL

64164, Final rept. 28 Feb. 1964, 75 p.,
AD 437 777.

• . . Data which could be reduced to yield
signal strength, attenuation rate, transmission

path phase variations, and atmospheric noise

amplitude probability distributions (APD) were
recorded at the receiver site ....

NON-GAUSSIAN ATMOSPHERIC NOISE IN

BINARY-DATA, PHASE-COHERENT COM-

MUNICATION SYSTEMS

B. Shepelavey, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 3, Sept. 1963, p. 280/284.

Performance evaluation of a binary-data

phase-coherent system is presented for the case
when interference is confined to the non-Gaussian

component of atmospheric noise .... a mathe-

matical model of the non-Gaussian component of

atmospheric noise In narrow bandwidths is formu-

lated which, for high Instantaneous noise voltages,

coincides exactly with the empirical atmospheric
noise data ....

PHYSICAL MEASUREMENTS FROM METEORO-

LOGICAL SATELLITE S

D.Q. Wark, et al., National Aeronautics and

Space Administration, Goddard Space Flight

Center, Greenbelt, Md., April 1963, p. 85/88,

20 refs., N63-21368.

. . . the measurements of "Sferics" - RF

emissions by lightning (from "atmospherics").

Error distributions have been obtained by

experiments carried out using an automatic dig-
ital data error recorder which is described.

Media include several land line telephone cir-
cuits and the Hawaiian cable. Both data and

sync errors rates are shown, and their temp-

oral and amplitude characteristics are exam-

ined .... The effectiveness of parity check-

as an error-detecting device is also evaluated.

USE OF STATISTICAL MOMENTS FOR

SPECIFYING NOISE IN LONG-DISTANCE

TELEPHONE CIRCUITS

B. B. Jacobsen, Elect. Commun., vol. 36,

no. 3, 1960, p. 197/201•
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• . . treats the problem: How should the

tolerable noise power on a telephone circuit

be expressed? The object is . . • to formulate

it in a way that does not place any unnecessary

restrictions on noise of any particular time

distribution• An important requirement is that

it should be realistic and in practice this means

that very-intense noise must be accepted, but

it must not occur too often or last too long. It

has been proposed to specify the permissible

amount of noise not by a distribution curve,

but instead by its moments .... The purpose

of the present paper is to consider the effect of

specifying the permissible noise by its first

three hourly moments ....

MODEL OF ERROR BURST STRUCTURE IN

DATA TRANSMISSION

P. Mertz, Proc. Nat. Electronics Conf.,

vol. 16, Oct. 1960, p. 232/240•

• . . assumes a distribution of burst dura-

tions that follows recent experimental data. It

is multiple in form, and consists of a proportion

of 1-bit bursts superimposed on a "triangular"

continuous distribution• Some analysis shows

the equivalence of this model with equal dura-

tion bursts, when the constant duration is suit-

ably chosen ....

IMPULSE NOISE ON AN H-44 TELEPHONE

CIRCUIT LOOPED FROM LEXINGTON,

MASS., VIA WEST HAVEN, CONN. "

R. R. Pfeiffer, et al., Lincoln Laboratory,
Mass. Inst. Teeh., Lexington, April 1960.

THE DESIGN OF AN "ERROR-FREE" DATA

TRANSMISSION SYSTEM FOR TELEPHONE

CIRCUITS.

B. Reiffen, et al., Lincoln Lab., MIT,

Lexington, 22 Dec. 1960. AD 248 637.

• . . easily implemented codes can detect

essentially all errors occurring in digital data

sent over toll grade telephone circuits. A

two-way communications system is described
which uses these codes to detect the occurrence

of errors and requests a retransmission of any

data in error . . . The philosophy that guided

the design of this system can be applied to

other media where high noise bursts or low sig-

nal levels occur infrequently.

SOME RESULTS IN THE MEASUREMENT OF

IMPULSE NOISE ON SEVERAL TELEPHONE
CIRCUITS

H. L. Yudkin, Proc. Nat. Electronics Conf.,

vol. 16, Oct. 1960, p. 222/231.

• . . Distributions of impulse noise, ampli-

tude and duration are given. Comments are

made on the interpretation of impulse noise

statistics and the relationships between these
and statistics of errors in data transmission

are discussed ....

PHONE LINE DIGITAL TRANSMISSION STUDY

Hughes Aircraft Co., Culver, Calif., Sept.

1960, 240 p., (RADC TR 60-153), AD 244
193•

393

• . . Initially, the transmission characteris-

tics of a variety of basic circuits and their

combinations are detailed in terms of their

attenuation-frequency response and their envel-

ope delay-frequency response . . . Frequency

stability, gain stability, compandor effects,

echo, crosstalk and noise, and impulse noise
are considered in turn ....

EFFECTS OF IMPULSE NOISE ON DIGITAL

DATA TRANSMISSION

A. B. Bodonyi, IRE Trans. Commun. Syst.,

vol. CS-9, no. 9, Dec. 1961, p. 355/361.

• . . basic characteristics of impulse noise

and its effects on various types of binary data

transmission systems. The sources and pro-

perties of such impulsive noise, in contrast to

Gaussian noise, are discussed .... com-

parison among the three modulation schemes

tested, namely, on/off carrier, frequency

shift, and phase reversal keying.

EFFEUTS OF IMPULSE NOISE ON DIGITAL

DATA TRANSMISSION

A• B. Bodonyi, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.,

Master's thesis., 11 Dec. 1961, 23 p.,

illus., 14 refs., (Research rept. no.

PIBMRI-975-61), AD 285 511.

• . . basic characteristics of impulse noise

• . . experimental comparative evaluation of

bit error rates in presence of additive im-

pulsive noise . . . three modulation schemes

tested, namely on/off carrier, frequency shift

and diphase (phase reversal keying, with co-
herent detection) ....

INVESTIGATION OF DIGITAL DATA COMMUNI-
CATION SYSTEMS

J. G. Lawton, Cornell Aeronautical Lab.,

Inc., Buffalo, N. Y., 3 Jan. 1961, (Rept.
no. UA-1420-S-1), (RADC TR 61-58), AD 256
584.

• . . The properties of impulse noise are

examined and the effect of impulse noise are

examined and the effect of packed codes are

investigated ....

MODEL OF IMPULSIVE NOISE FOR DATA
TRANSMISSION

P. Mertz, IRE Trans. Commun. Syst., vol.

CS-9, no. 2, June 1961, p. 130/137.

STATISTICS OF HYPERBOLIC ERROR

DISTRIBUTIONS IN DATA TRANSMISSION

P. Mertz, IRE Internat. Conv. Rec., pt. 8,

vol. 9, March 1961, p. 160/166.

Error bursts in data transmission ....

follow a hyperbolic rather than a Poisson
distribution•

STATISTICS OF HYPERBOLIC ERROR

DISTRIBUTIONS IN DATA TRANSMISSION

P. Mertz, IRE Trans. Commun. Syst., vol.

CS-9, no. 9, Dec. 1961, p. 377/382.
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ONTHEPOTENTIALADVANTAGEOFA
SMEARING-DESMEARINGFILTERTECH-
NIQUEINOVERCOMINGIMPULSE-NOISE
PROBLEMSINDATASYSTEMS

R•A• Wainwright,IRETrans.Commun.
Syst.,vol. CS-9,no.9, Dec.1961,p•
362/366•

IMPULSE-NOISEINDATALINESYSTEMS
R.A. Whiteman,etal., Nat.Commun.

Symp.Record,vol.7, Oct.1961,p. 289/
301.

ONTELEPHONEERRORCLUSTERING
CONSIDEREDASANILLUSION

J. M.Berger,etal., ThomasJ. Watson
ResearchCenter,YorktownHeights,
NoY•,23Oct.1962,44p. incl.illus.,
table,refs., (ResearchNote.No.NC-152),
AD291227.

A newexplanationis givenoftheclustering
oferrorsontelephonelines. It is claimed
thatthisphenomenonis largelyanoptical-
probabilisticillusion,andtheclaimis justi-
fiedwiththehelpofextensivedata.
NOISESTABILITYFORIMPULSENOISE

OFFREQUENCYTELECONTROLSYS-
TEMS(InRussian)

Y•I. Chugin,Avtomat.i Telemekh,vol.23,
no.2, 1962,p. 222/241.

Noisestabilityis examinedforf. m. tele-
controlsystemswhenthenoiseis animpulse
noiseoccurringat randomtimeandwithran-
domamplitude;theprobabilitydistributionof
thenoiseamplitudeisassumedtobeknown.
First, theamplitudeofthesinusoidalsignal
andthenoisepowerattheoutputofachannel
filter aredeterminedforthreetypesof
receivers:(1)awide-banddiscriminatorwith-
outa limiter,(2)anarrow-banddiscriminator
withoutalimiter,and(3)adiscriminatorwith
a limiter.... Theoptimaltransmission
bandis thendiscussedinaccordancewiththe
minimumofthetotalerrorduetoimpulsenoise
andcontinuousfluctuatingnoise....

TWOMEASURINGTECHNIQUESFORTHE
INVESTIGATIONOFIMPULSENOISEAND
DROPOUTSONTELEPHONELINES

J. Kelly,etal., Commun.Electronics,vol.
80,no.58,Jan.1962,p. 585/590.

• . . Thelattermethodprovidesameans
ofidentifyingthecauseoferrorsduringthe

' transmissionofdigitaldata.... onadata
circuitbetweenBostonandChicago....
INVESTIGATIONOFTIlEERRORSTATISTICS

OFPULSEDATAUNDERNONGAUSSIAN
NOISECONDITIONS

b:.Kupfmuller,Tcclmischelloschule,
Darmstadt(Germany),Finaltechnicalrept.,
1Oct.1961- 30Sept.1962,30Sept.1962,
7p., AD294828.

. . . Noiserecordedfromheavilydisturbed
subscriber'slineswasinvestigated.Adata
transmissionsystemusingamplitudemodula-
tionandatransmissionspeedof1800baudwas
builtupandtestswerecarriedoutinthepres-
enceoflinenoiseto studythereceivererror
rates.
MODULATIONANDSIGNALSELECTIONFOR

DIGITALDATASYSTEMS
R. M. Lerner,Commun.Electronics,vol.80,

no.58,Jan.1962,p• 661/669,33refs.
• . . Implicationsofthefactthatthechannel

noiseisnotGaussian,butimpulsiveincharac-
ter, arebrieflyexplored....
THEESTIMATIONPROBLEMINNULL-ZONE

RECEPTIONFEEDBACKSYSTEMS
J. J. Metzner,etal., NewYorkU., Coll.of

Engineering,N. Y., 15Aug.1962,137p.,
incl. illus., tables,26refs, (Scientific
rept.no.11),(AFCRL62-742),AD290325.
... Methodsofminimizingtheundesirable

effectsofimpulsiveandburst-typenoiseare
discussed.
ERRORBURSTCHAINSINDATATRANS-

MISSION
P. Mertz,RandCorp.,SantaMonica,Calif.,

Feb.1962,28p., 6refs, (Memo.no.RM-
3024-PR),AD272429.
Errors. . .comeinbursts,andthebursts

themselvesalsoshowbunchingratherthancom-
pleterandomness.Thishasbeendescribed
withhyperbolicratherthanclassicalPoisson
laws.Theerrorburstsformintooccasional
chains.Suchchainsarehighlyimprobablein
anall-Poissondistribution.Theirexpectancy
hasbeendeterminedunderassumptionsthat
withinachaindistributionis Poisson,butthe
long-timedistributionishyperbolic. . . An
estimateisalsogivenofthelongestexpected
chainsintestsofgivendurations.
ERRORBURSTCItAINSINDATATRANS-

MISSION
P. Mertz,IREInternat.Cony.Rec.,pt. 8,

vol.10,March1962,p. 47/56.
• . . theburststhemselvesalsoshow

"bunching"ratherthancompleterandomness.
Thishasbeendescribedwithhyperbolic
ratherthanclassicalPoissonlaws.The
errorburstsformintooccasionalchains.
Suchchainsarehighlyimprobableinanall-
Poissondistribution.Theirexpectancyhas
beendeterminedunderassumptionsthatwith-
inachainthedistributionis Poisson,butthe
long-timedistributionis hyperbolic.There-
sultsshowthemoderateprobabilityofthe
chainsobservedinexperience....

FURTIIEI_ANALYSISOFERRORSREPORTED
IN "CAPABII_ITIESOFTItETELEPIIONE
NETWORI,:FORDATATRANSMISSION"

R. Morris,BellSyst.Tech.J., vol. 41,
no.4, July1962,p. 1399/1414.

394
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The recorded error data from a field

testing program reported on by Alexander,

Gryb, and Nast have been further analyzed.

New methods of analysis have given more
information on the causes and nature of errors

experienced by data in the switched telephone

plant. The results obtained will enable

workers in the field of error control to use the

field test data more effectively ....
Effect of Dropouts . . .
Effects of Noise . . .

Role of the Test Word . . .

Relation to Error-Control Schemes . . .

DATA TRANSMISSION INVESTIGATION

J. J. Tsimbidis, Motorola, Inc., Chicago,

Ill., Quarterly progress rept. no. 3, 11

March - 10 June 1962, 10 June 1962, Iv,

incl. illus., tables, AD 282 947.

• . . Controlled impulse noise tests were
conducted .... results show . . . the vsb

modem is the most susceptible to impulse noise.

ON THE BINARY DATA TRANSMISSION ERROR

RATES DUE TO COMBINATIONS OF

GAUSSIAN AND IMPULSE NOISE

L. R. Halsted, IEEE Trans. Commun. Syst.,

vol. CS-ll, no. 3, Dec. 1963, p. 428/435.

Error rates are computed for a binary data

transmission system subject to both Gaussian

and impulse noise. The rates are displayed as

a function of )_T, where T is the signal duration

and k-1 is the average time between noise

pulses. Poisson-distributed impulse noise and

periodically recurring noise pulse clusters

are considered .... The computed error

rates illustrate, for data transmission systems

subject to impulsive interference, the reduc-

tion in error rate that can be realized by in-

creasing the signal duration. The simultaneous

transmission of orthogonal signals is discussed.

This makes it possible to use signals having a

long duration without reducing the data rate or

causing intersignal interference; this can be

done without requiring additional bandwidth . . .

ROTATIONAL TRANSFORMATION OF SIGNALS

G. R. Lang, IEEE Trans. Inform. Th., vol.

IT-9, no. 3, July 1963, p. 191/198.

A coding procedure based on a rotational

transformation is applied to reduce the effect

of non-Gaussian impulse noise in sampled

data communication systems• The method,

a near relative of the smearing techniques

which have been suggested recently for con-

tinuous systems, provides a new and interesting

view of many accepted coding systems and

their relative properties ....

DATA TRANSMISSION ERRORS: COMPARISON

OF LF RADIO WITH TELEPHONE

FACILITIES

P. Mertz, Rand Corp., Santa Monica, Calif.,

Jan. 1963, 33 p., incl. illus., 13 refs,

(Memo. no. RM-3413-PR), AD 295 650.

395

• . . error distribution . . . from the LF

atmospheric noise illustrated a double type of

distribution . . . approaches a purely random

or Poisson type of distribution for shorter in-

tervals of time, but approaches a bunched or

hyperbolic type of distribution over the long

run .... The long-time curve fits in pretty

well with curves obtained from data on a variety

of telephone facilities. It differs from them,

first in following a much more systematic sea-

sonal and hour-of-day trend, and second in not

conforming so well to a strict hyperbolic law.

SOME ERROR CHARACTERISTICS OF A DATA

COMMUNICATION SYSTEM

R. L. Townsend, IEEE Trans. Commun. Elec-

tronics, no. 65, March 1963, p. 69/72.

Data recorded during the multi-point line

tests which were jointly conducted by American

Telephone and Telegraph and International

Business Machines Corporation were studied

from the point of view of attempting to deter-

mine what typical error characteristics are

likely to be present during normal operation

in a data communication system operating over

leased line facilities .... Error rates were

found to be quite time variant. Statistical

correlation between errors appeared to be

caused by two separate mechanisms. One

mechanism is a steady-state electrical noise
which accounts for correlation between errors

separated by times up to about 5 milliseconds.

The second mechanism is a time-varying in-

terference which accounts for correlation

between errors separated by as much as sev-
eral hours ....

Related Publications:

THE SUPPRESSION OF PULSE INTERFERENCE

BY NON-LINEAR TRANSFORMATION OF

THE FORM OF THE FREQUENCY
SPECTRUM

A. A. Gorbachev, Radio Engineering, vol. 13,

no. i, 1958, p. 72/80.

AN EXPERIMENTAL INVESTIGATION OF THE

EXTRAPOLATION METHOD OF SUPPRES-

SING PULSE INTERFERENCE IN BROAD-

CAST RECEPTION

I. I. Medbedev, Radio Engineering, vol. 13,

no. 6, 1958 , p. 66/74.

LINEAR CANCELLATION TECHNIQUE FOR
SUPPRESSING IMPULSE NOISE

E. J. Baghdady, IRE Wescon, Conv. Rec.,
vol. 7, Aug. 1960, p. 27/35.

COMMUNICATIONS THROUGH UNSPECIFIED

ADDITIVE NOISE

W. L. Root, Inform. Control, vol. 4, no. 1,

March 1961, p. 15/29.

. . . to suggest the feasibility . . . of

applying a maximum or minimax type decision

criterion to the design of the receiver, to
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illustrate this decision criterion in two rather

straightforward examples involving binary data

links, and to look at the information rate which
can be achieved. We are concerned here with

the . • . problem . • . when the additive noise

has no statistical regularity or predictability

of which advantage can be taken• Thus the

"noise" may be natural or man-made and sub-

ject to influences unknown to the communicators.

Essentially the only restriction on the noise is

that its power be bounded ....

AUTOMATIC ERROR-DETECTION

SYSTEM FOR TOLL-GRADE TELEPHONE

CIRCUIT DATA TRANSMISSION

W. G. Schmidt, Lincoln Lab., Mass. Inst. of

Tech., Lexington, 27 Nov. 1961, 11 p.,

(Rept. no. 25G-5), AD 268 128.

• . . the data link error rate is primarily

a function of terminal equipment reliability and

several other factors, including the synchroni-

zation between transmitter and receiver. The

general system, the logical design considera-

tions, the hazards encountered, and the de-

bugging and test methods used are described.

A HIGH SPEED SYNCHRONOUS DIGITAL DATA

TRANSMISSION MODEM

W. M. Groff, et al., Conf. Proc. Nat. Conv.

Mil. Electronics, vol. 5, June 1961,

p. 208/213.

• . . In a well designed modem (transmitter-

receiver system), the primary cause of errors
is impulse, or transient noise, and according

to the literature, the type of modulation used

is not a significant factor in reducing the effect
of this noise on the error rate .... This

paper describes the design and operation of a

synchronous 4800 bit/second modem which

utilizes quaternary, AM, suppressed-carrier,

vestigial-sideband transmission ....

DATA LINE TECHNIQUES

Armour Research Foundation, Chicago, Ill.,

1 April 1961, 458 p., 62 refs, AD 263 144.

• . • review of pertinent theoretical material

and a survey of wire line digital communication

techniques to support suggestions for improving
channel utilization. Increased utilization dictates

the use of longer code elements in terms of

time-bandwidth units, extensive terminal line

equalization, and anti-impulse noise techniques•

The theoretically optimum encoding-decoding

systems based on performance are multilevel

differentially coherent PSK (phase shift keyed).

THE STABILITY OF A FREQUENCY REMOTE

CONTROL SYSTEM IN THE PRESENCE OF

PULSE NOISE

U• I. Chugin, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson Air

Force Base, Ohio, 10 May 1962, 33 p.,

incl. illus., (Trans. no. FTD-TT-62-636
from Avtomatika i Telemekhanika, 23:2,

p. 222/241, 1962), AD 286 132.
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• . . calculating the noise stability of codes

with series and parallel transmission of
subcarriers ....

EVALUATION OF A BURST-ERROR CORREC-

TION CODE ON A GILBERT CHANNEL

D. G. Iram, Rome Air Development Center,

Griffiss Air Force Base, N. Y., May 1962,

57 p. incl. illus., 8 refs, (RADC-TDR-62-

189), AD 276 527.

• . . A technique for evaluating the improve-

ment afforded a fading-type channel by the use

of a burst-error correcting code is illustrated.

The Gilbert model of a fading channel is then

evaluated using this technique.

RECORDING AND VISUAL ANALYSIS OF

NOISE ERRORS

A• E. Johanson, Commun. Electronics, vol.

81, no. 60, May 1962, p. 90/94•

• . • In a recent data transmission test,

a method for visually evaluating the causes of

errors was tried• Photographic reproductions

of error messages were produced by the com-

bined use of a magnetic tape recorder and a

recording oscillograph. These were analyzed

visually and the errors classified by cause into

eight categories• In several of these categories,

the fault lies in the terminal equipment, in the

rest, apparently in the transmission channel.

Examples are given of various types of errors
encountered ....

A METHOD OF DIGITAL SIGNALLING IN

THE PRESENCE OF ADDITIVE GAUSSIAN

AND IMPULSIVE NOISE

L. Kurz, IRE Internat. Cony. Rec., pt. 4,

vol. 4, March 1962, p. 161/173.

• . . The Gaussian noise is specified by its

corresponding demodulated power density spec-

trum . . . and the impulsive noise by the

statistics of its amplitudes (large-variance,

zero-mean) and the times of occurrence of the

impulses (Poisson's distribution is assumed
but other distributions can be handled in a

similar manner) ....

AN IMPULSE NOISE CANCELLER

(Correspondence)

W. L. Black, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 506•

• . . If the pulses occur infrequently and

are sufficiently narrow, the disturbance they

produce in one of two spectrally adjacent chan-

nels can be used to cancel the disturbance they

produce in the other. The system described

was designed to perform this cancellation,

was built, and was tested ....

INCREASED NOISE IMMUNITY IN THE RE-

CEPTION OF AM SIGNALS BY THE USE

OF NONLINEAR FEEDBACK IN THE

HIGH-FREQUENCY SECTION OF TItE

RECEIVER

A. A. Gorbachev, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 2, Feb. 1963,
p. 36/41.
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The basic features of a method of sup-

pressing pulse interference, based on the use
of threshold feedback in the high-frequency

section of the receiver are outlined• Exper-
imental results are described ....

DATA TRANSMISSION INVESTIGATION

R. F. Salava, Quarterly progress rept. no. 2,

11 Dec. 1962 - 10 March 1963, Motorola,

Inc., Chicago, Ill•, 10 March 1963, 35 p.,
AD 404 376.

• • • The cause of the errors is found to

be impulse noise and photographs of the noise

plus the signal is presented for discussion•

DATA TRANSMISSION INVESTIGATION

R. F. Salava, Motorola, Inc., Chicago, Ill•,

Quarterly progress rept. no. 5, 11 Sept. -

10 Dec. 1963, 10 Dec. 1963, Iv, Rept. no•

9, AD 430 726.

Field test results obtained while transmitting

digital data over the AN/VRC-12 radio set are

• • . at 41.5 mc using FSK and Di-phase modems•

• . . impulse noise from passing vehicles and

thunderstorms to multipath conditions from

airplanes .... When no severe disturbances

were present, many tests were conducted with-

in a ten mile radius without encountering any

errors• Near the range limit of the radio set

1.744: Interference from Ionospheric Sounders

(15 to 20 miles) error rates were found to vary

from 10 to the minus 4 power to 10 to minus

2 power• The digital Encoder and digital De-

coder constructed for the program are dis-

cussed .... The system is capable of providing

error detection, random error correction,
burst error correction and combinations of

error correction and detection. Unique im-

plementation in the decoder gives the system

the capability of providing a large number of

cyclic codes.

AN ANALYSIS AND SYNTHESIS PROCEDURE

FOR FEEDBACK FM SYSTEMS. PART A

CONVENTIONAL FM SYSTEMS. PART B

FEEDBACK FM SYSTEMS

A. Wojnar, Research Lab. of Electronics,

Mass. Inst. of Tech., Cambridge, 30

Sept. 1963, 49 p., Rept. no• TR 415,
AD 421 921.

An investigation of frequency-compressive

feedback FM systems . . . with emphasis

placed on threshold behavior• A recent evalu-

ation of the impulsive noise component by Rice
is used. It is shown that this excess noise

component predominates in the threshold region ot

most conventional FM systems• A new analytical

expression (which agrees with experimental

evidence) has been found for the location of the
noise threshold ....

Included: Interference potential of ionospheric sounding services.

Not Included: Descriptions of ionospheric sounders.

Cross References: Experimental evaluation of propagation media (1. 639).

Principal Publications:

REDUCING INTERFERENCE IN IONOSPHERIC

SOUNDING

K. Perry, Electronics, vol. 33, no. 22, May 1960,
p. 118/120.

AN ANALYSIS OF THE INTERFERENCE

POTENTIAL OF AN OBLIQUE IONOSPHERIC
SOUNDER

H. Kimball, IIT Research Inst., Chicago, Ill.,
Aug. 1963, 28 p., ECAC TDR 63 6; ESD

TDR 63 4, AD 417 357.

1.74___5: Circuit Interruptions

Included: Outages in communications plants.

• . . effects of potential HF interference

which might be produced by an ionospheric

sounder operated between Navy communication

stations near Washington, D. C. and Honolulu,
Hawaii. The sounder uses a transmitter and

receiver at each station and emits pulses of

differing widths, at varying repetition rates,
and with center frequencies distributed at

selected points across the 2-32 mc band. The

analysis considered interference to telephony,

telegraphy, and facsimile, those being the
three types of service predominant in that
band ....

Not Included: Failure tracing technique; Synchronization difficulties.

Cross References: Synchronization problems in PCM (1.523).

Principal Publications:

TELEGRAPHIEVERZERRUNGEN UND FEHLER-

HAUFIGKEIT BEI WECHSELSTROM-

TELEGRAPHIE INFOLGE VON UNTER-

BRECHUNGEN UND PHASENSPRUNGEN,

TEIL I (Teletype Distortions and Error

Probability in Voice Frequency Telegraphy due

to Circuit Interruptions and Phase Transients)

(In German)

H. Zuhrt, et al., Nachrichtentech. Z. (NTZ),

vol. 12, June 1959, p. 311/317.
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NOTESONTRANSMISSIONOFDATAAT 750
BAUDSOVERPRACTICALCIRCUITS

P.A. Chittenden,Proe.Nat.ElectronicsConf.,
vol.16,Oct.1960,p. 22/28.

Experienceofusinga750baudphase-modulated
datatransmissionequipmentovercommercial
trunkcircuitsis described.Theresultsshow
thatshortinterruptionsofthetransmissionpath
(whichwouldingeneralbeunnoticedonspeech)
ratherthannoise,is themostseriousimpairment
withwhichtheequipmenthastocontend,partic-
ularlysincetheinterruptionsareverydifficultto
locate.

Thisleadstotheconclusionsthat . . . the
assessmentofthequalityofadatapathbasedon
anaveragenumberofdigiterrorsis unrealistic,
andthaterrordetectionwithrepetitionis
• . . anequallyeffective•. . method•. .

DATATRANSMISSIONPERFORMANCEON
LONG-HAULTELEPHONEFACILITIES

P. V. Dimoek,Proc.Nat.ElectronicsConf.,
vol. 16,Oct.1960,p. 29/36•

Theeffectsondatatransmissionover
circuitsseveralthousandmileslongoncommon
typesoflong-haulvoicetransmissionfacilities
havebeeninvestigated.Datasignalswere
transmittedbyfrequencymodulationatarate
of750bitspersecond,wellwithintheband-
widthlimitationsofthecircuitsemployed,
andaveragenoisewasnotasignificantfactor.
Severalhundredsofhoursofcontinuous
performancetestsweremadeoneachofthe
followingtypesoffacilities:multi-paircable
carriersystems(TypeK), coaxialcable
carriersystems(TypeL), andmicrowave
relaysystems(TD-2).

It wasfoundthattheperformancewas
generallycharacterizedbyperiodsoferror-
freetransmissioninterposedbycatastrophic
degradations--orinterruptions--ofvariable
durationrangingfrommillisecondstominutes•
• . . curvesshowingthenumberofdisturbances
per100hoursper1000milesthatexceed
variousdurationsfor thethreetypesof
facilities....

MEASUREDERRORDISTRIBUTIONSONTHE
BELLA-1FACILITYOVERVARIOUSMEDIA

E.J. Hofmann,Proc.Nat.ElectronicsConf.,
vol.16,Oct.1960,p. 37/44.

• . . Bothdataandsyncerrorsratesareshown,".
andtheirtemporalandamplitudecharacteristics
areexamined....

ERRORRECORDINGANDANALYSISFORDATA
TRANSMISSION

C. M.Melas,etal., Proc.Nat.Electronics
Conf.,vol.16,Oct.1960,p. 54/65.

• . . Thedata.., acquiredis reducedto
provideinformationonthedurationandnature
oferrorburstsandinterruptions,aswellasthe
lengthoferror-freetransmissions....

TWOMEASURINGTECHNIQUESFORTHE
INVESTIGATIONOFIMPULSENOISEAND
DROPOUTSONTELEPHONELINES

J. Kelly,etal., Commun.Electronics,vol.80,
no.58,Jan.1962,p. 585/590.

. . . Thelattermethodprovidesameansof
identifyingthecauseoferrorsduringthetransmis-
sionofdigitaldata.... onadatacircuit
betweenBostonandChicago....
FURTHERANALYSISOFERRORSREPORTED

IN "CAPABILITIESOFTHETELEPHONE
NETWORKFORDATATRANSMISSION"

R.Morris,BellSyst.Tech.J., vol.41,
no.4,July1962,p. 1399/1414.
Therecordederrordatafromafield

testingprogramreportedonbyAlexander,
Gryb,andNasthavebeenfurtheranalyzed.
Newmethodsofanalysishavegivenmore
informationonthecausesandnatureof
errorsexperiencedbydataintheswitched
telephoneplant.Theresultsobtainedwill
enableworkersin thefieldoferrorcontrol
tousethefieldtestdatamoreeffectively.

Related Publications:

EXPERIMENTAL DATA TRANSMISSION

SYSTEM FOR SWITCHED TELEPHONE

LINES

H. Marko, et al., Elect• Commun., vol. 37,

no. 3, 1962, p. 238/251.

• . . the system must be able to cope with

noise caused by rotary selectors as well as

with short-time interruptions not uncommon

in carrier-system channels ....

1.748: Other Disturbances in Communications Plants

Included: Noise in tandem links; Noise accumulation in multi-section radio relay links;
Disturbances due to aircraft reflections•

Not Included: Frequency division multiplex systems (2).

Cross References: Propagation problems in radio relay links (1. 662); Very low frequency
propagation (1. 642).
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Principal Publications:

THE WHITE-NOISE INTERFERENCE IN

MULTICHANNEL TELEPHONE LINK SYSTEM

J. F. Golding, Electronic Engng., vol. 30, May
1958, 349/351.

THERMAL NOISE IN MULTISECTION RADIO
LINKS

B. B. Jacobsen, Elect. Commun., vol. 36, no. 1,
1959, p. 42/59•

I. Lo S. LOCALISER FEASIBILITY STUDY:

THE MEASUREMENT OF THE BISTATIC

ECHOING AREAS OF MODEL AIRCRAFT

AS AN AID TO THE EVALUATION OF THE

PROBLEM OF INTERFERENCE FROM

OVERFLYING AIRCRAFT

P. Bowron, Royal Aircraft Establishment (Gt.

Brit.), Aug. 1963, lv. RAE TN RAD846,
AD 428 826.

• . . measurement of the echoeing areas
of models of the Comet, Valiant, Victor and

Vulcan aircraft for various bistatie angles and

to estimate the volume of air-space within

which an overflying aircraft may cause inter-

ference with a landing aircraft. It was found

that in certain positions, overflying aircraft

may present echoeing areas as great as 3,000
square metres.

ERROR RATE OF A CASCADED PAIR OF

RAYLEIGH FADING COMMUNICATION

LINKS (Correspondence)

H. D. Goldman, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 3, Sept. 1963, p. 354/355.

NOMOGRAMS FOR THE STATISTICAL

SUMMATION OF NOISE IN MULTI]tOP

COMMUNICATIONS SYSTEMS

B. Sheffield, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 3, Sept. 1963, p. 285/288.

Several authors have shown methods for cal-

culating the long-term fluctuation of noise power

of multihop systems in which the propagation loss

has a log-normal distribution such as in tropo-

scatter FM .... shortcomings are remedied

by two pairs of nomographs which eliminate the
laborious exponential computations and permit

the noise performance calculation to be made
within seconds ....

Related Publications:

ERROR RECORDING AND ANALYSIS FOR

DATA TRANSMISSION

C. M. Melas, et al., Proc. Nat. Electronics

Conf., vol. 16, Oct. 1960, p. 54/65.

• . . data transmission tests made recently

over the telephone networks of several

European countries . . . evaluation of error
correction or detection schemes... A

repetitive 8-bit combination was used for

transmission, and error checking was

accomplished without the use of a synchronizing

signal at the receiver• The character generator

is also able to produce a long pseudo-random

sequence, which is duplicated at the receiver

for bit-by-bit error detection, providing a

closer approximation of actual operating

conditions .... The data thus acquired is

reduced to provide information on the duration

and nature of error bursts and interruptions,

as well as the length of error-free transmis-
sions ....

Section 1.75

Intentional Disturbances

Jamming is usually discussed in the restricted literature. The following collection of unrestricted

publications is, therefore, only a small portion of the available literature.

1. 750: Jamming

Included: Intentional disturbance of communications links by chaff.

Not Included: Anti-jamming methods; Electromagnetic intelligence; Electronic warfare.

Cross References: Correlated noise and distrubances (1.742).

Principal Publications:

JAMMING EFFECTIVENESS INSTRUMENTATION

C. H. Redwine, et al., Conf. Proc. Nat. Conf.

Mil. Electronics, vol. 4, June 1960, p. 413/419.

I-F CROSS CORRELATION CANCELLERS

W. D. Nelson, et al., Conf. Proc. Nat. Winter

Conv. Mil. Electronics, vol. 1, Feb. 1961,

p. 330.

In a jamming environment it is desirable to

have a radar set which has sub-jamming capability,

that is, a radar set which is capable of seeing a

target through jamming. This paper is concerned

with I-F Cross Correlation Cancellers. Two

techniques• . . a Single I-F Side Lobe Canceller

(SLC) which in general has the capability of

cancelling a single side lobe jamming signal and

second, a Polarization Canceller (PLC) which has

the capability of seeking a receiver polarization

that is orthogonal to the polarization of a single

jammer ....

JAMMING IMPLICATIONS OF EXPERIMENTS

ON INTERRUPTED SPEECH

D. W. Tufts, Conf. Proc. Nat. Cony. Mil.

Electronics, vol. 5, June 1961, p. 324/333.
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MILITARYWEAPONSSYSTEMSINA
COUNTERMEASURESENVIRONMENT

S.Adelman,etal., Conf.Proc.Nat.Winter
Conv.Mil. Electronics,vol.1, Feb.1962,
p. 257/261.

EFFECTOFPROPAGATIONFADINGAND
ANTENNAFLUCTUATIONSON
COMMUNICATIONSYSTEMSINA
JAMMINGENVIRONMENT

A. B.Glenn,etal., IRETrans.Commun.
Systems,vol.CS-10,no.1, March1962,
p. 43/60.

• . . Theresultsareplottedfor alarge
varietyoffadingconditionsfor boththe
desiredandundesiredsignalsandantenna
fluctuations....

ANTI-JAMCOMMUNICATIONS
R. E.Heckert,Conf.Proc.Nat.Winter

Cony.Mil. Electronics,vol. 1, Feb.1962,
p. 262.
Communicationssecuritycanbedivided

intofourgeneralclassifications:(a)informa-
tionsecurity,(b)resistancetojamming,
(c)authenticationsecurity,(d)emission
security.... Securecommunicationsystems
thatofferresistancetojamminginvariablyutilize
somemeansofspreadingthetransmittedspectrum
inapseudo-randomfashionunknowntotheenemy
jammer.... A method.., utilizingdigital
pseudo-randomkeysis proposedwhichdoesnot
requireashortsynchronizationkeywithits
attendantjeopardyofjam-resistancecharacteris-
tics.... Afeasibilitymodelofthefrequency
hoppingsystemhasbeenconstructedandis in the
processofbeingtested....

OPTIMUMJAMMINGOFINCOHERENTLY
RECEIVEDFSKSIGNALS

L. I. Bluestein,LincolnLab.,Mass.Inst.of
Tech.,Lexington,26June1963,25p.,
AFESDTDR6389,AD413482.

• . . foundforasituationinwhichthetwo
time-limitedsignalsoccupyseparatefrequency
bands,andthereceiveris ignorantoftheRF
phaseofthesignal.Thejammerhasathis
disposalpower-limitedGaussiannoise. . . A
quantityanalogoustodistance.., defined;it is
thisquantitywhichthejammerseekstominimize.

THEGUIDINGOFAIRCRAFTUNDERRADAR-
JAMMINGCONDITIONS

Z. Guminski,Transl.intoEnglishfrom
NaprowadzanieSamolotovwWarunkach
ZaktocenRadiotokacyjnych(Warsaw),no.6,
1962,p.20/30,AD298224,N64-19193.

Afteranintroductorydescriptionofpassive
andactiveradar-jammingmethods,purposes,
andresults,thetechniquesofdetectingthe
attackingaircraftthroughtheinterferenceare
discussed...

RADARJAMMINGANDDECEPTION
R. B.Henery,DefenseDocumentationCenter,

Alexandria,Va.,A CustomAbstractSearch
ofUnclassifiedCitations,forJan.1953/
June1963,July1963,Iv., AD411774.

RADIOJAMMINGANDDECEPTION
R. B. Henery,DefenseDocumentationCenter,

Alexandria,Va.,ACustomAbstractSearch
ofUnclassifiedCitations,forJan.1953/
June1963,July1963,Iv., AD411775.

POWERREQUIREDTOJAMA SATELLITE
REPEATER

F. F. Yates,AerospaceCorp.,E1Segundo,
Calif.MaterialsScienceLab.,Dec.1963,
18p., refs., AD428375,AD436812,
N64-14344.

Ageneralexpressionis derivedforthe
ratioofinterferencepowertosignalpower
requiredattheterminalsofthereceiving
antennaofacommunicationsatellite(inthe
bandpassofacommunicationchannel)to
reducetheperformanceofthechanneltoany
specifiedminimumcondition•Theexpression
maybeappliedtotheanalysisofspread-
spectrummultipleaccesssystemsaswellas
totheanalysisofjammingvulnerability.

ANTI-JAMTROPOSPHERICSCATTER
THEORETICALANALYSIS

ITTCommunicationSystems,Inc., Paramus,
N.J., Finalrept., 15June1963,133p.,
ESDTDR64218,AD431197.

• . . theoreticalinvestigationoftheeffect
ofradarchaffonthecommunicationperformance
oftroposphericscattercommunicationsystems
usingFDM-FM...

Related Publications:

AM TRANSMITTERS AS SSB JAMMERS

J. P. Costas, Proc. IRE, vol. 46, Dec.

1958, p. 1960/1961.

PRINCIPLES OF ELECTRONIC WARFARE

R. J. Schlesinger, et al., Englewood Cliffs,

N. J., Prentice-Hall, Inc., 1961, 201 p.
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DIVISION 1.8

COMPARISONS OF MODULATION SYSTEMS

A very difficult decision for space communications systems designers concerns the selection of the

modulation method for a space link. This division has been assembled so as to bring references together

which might be helpful in making this decision. The references are not restricted to publications which
exclusively compare modulation methods of space links.

A general review section (1.80) is followed by an analytical section (1.81) with references to papers on

criteria for the comparison of modulation systems. Normalizations, quality measures and analytical

procedures for optimization with respect to special criteria are included in the subjects of this section.

The organization of the other sections is along three dimensions: The nature of the signals (analog, 1.82, or

digital, 1.83), the characteristics of the channels (linear and relatively noise free, 1.84, against time

variable and noisy, 1.85) and the application of special equipment features (1.86). The specialized

sections contain publications which compare various modulation methods under these particular channel

characteristics, but also with respect to their ability to operate over special media (lines, 1.84, or radio,

1.85).

Section 1.80

General Comparisons of Modulation Systems

1. 800: Comparative Reviews of Many Modulation Systems

Included: Books on modulation systems; Review articles on modulation systems; literature
surveys; Bibliographies.

Not Included: Comparison of modulation methods for telemetry; Modulation methods for special
space missions; Modulation problems in communications satellites.

Cross References: Fundamentals of modulation methods (Div. 1.1); Books on modulation in
general (1. 100).

Principal Publications:

COMPARISON OF MODULATION SYSTEMS

R. M. Page, IRE Conv. Rec., 1953, Pt. 8.

CHOOSING THE OPTIMUM TYPE OF

MODULATION--A COMPARISON OF SEVERAL

COMMUNICATION SYSTEMS

G. J. Kelley, IRE Trans. Commun. Syst., vol.

CS-6, no. 1, June 1958, p. 14/21.

OPTIMUM TYPE OF MODULATION

J. H. Vogelman, IRE Trans. Commun. Syst.,

vol. CS-6, Dee. 1958, p. 62.

• . . conclusions reached in the paper by

Kelley are based on some assumptions for which
there is little or no justification.

INTER-RELATION AND COMBINATION OF

VARIOUS TYPES OF MODULATION

W. D. Meewezen, Proe. Instn. Radio Engrs.,

Australia, vol. 20, Oct. 1959, p. 582/590.

INTERRELATION AND COMBINATION OF

VARIOUS TYPES OF MODULATION

W. D. Meewezen, Proe. IRE, vol. 48, Nov.

1960, p. 1824/1832.

TELEMETRY SYSTEM PERFORMANCE--MEAS-

UREMENT OF ERROR AS A FUNCTION OF

COMMUTATION RATE

R. A. Porter, et al., Proc. Nat. Telemetering
Conf., May 1960, p. 445/456.
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ETUDE GENERALE COMPAREE DES SYS-

TEMES DE MODULATION EN VUE DES

COMMUNICATIONS PAR SATELLITES

ARTIFICIELS (General Comparative Study
of the Modulation Systems With a View

to Communications by Artificial Satellites)
(In French)

G. Battail, International Scientific Radio Union

(URSI), Symposium, Paris, France, Sept.

18-22, 1961, IN: Space Radio Communica-

tion, New York, Elsevier Publishing Co.,
1962, p. 383/408, 14 refs., A63-14254.

Brief review of the characteristics of trans-

mission modes and of signals to be transmitted.

A classification is suggested for FM systems.

An analysis of the transmission modes showing
the predominance of the thermal noise is in-

cluded, and patterns of the information theory
are considered. Attention is called to Shannon's

geometrical representation, and several param-
eters are introduced, relevant to the needed

power, the bandwidth, and the required quality•
The relations between such parameters are

shown. The difficulty of increasing the duration

T (introduced in the evaluation of the number of

degrees of freedom) beyond a maximum value is
noted.
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FREQUENCYDIVISIONTRANSMISSIONSYS-
TEMSFORMEASUREMENTDATA(In
German)

H. Karger,etal., Arch.Tech.Messen,no.
322,Nov•1962,p. 249/252.

. . . Variousmethodsofmodulationare
surveyed,viz. frequencymodulation,pulse
repetitionrate,pulseduration,pulsespacing,
pulsecodeandpulsecountingmethods....

CHOICEOFOPTIMUMMODULATIONMETHOD
IN ACTIVESATELLITECOMMUNICATION
SYSTEMS

W.L. Wright,InternationalScientificRadio
Union(URSI),Symposium,Paris,France,
Sept.18-22,1961,IN: SpaceRadioCommuni-
cations,NewYork,ElsevierPublishingCo.,
1962,p. 409/424,Discussion,p. 425/428,
A63-14255.

Examinationoftheproblemofselectingthe
mostsuitablesystemofmodulationforuseover
aradiopathinwhichtheSNRis severelyre-
strictedbythepresentlyrealizablesystemparam-
eters. Incomparingwide-bandmodulationsystems,
it is foundthatpulse-codetogetherwithinformation
processingis moreefficientthanFMintheex-
changeofbandwidthfortransmitterpower,andin
thisrespectpulse-codesystemsmorenearly
approachtheidealexpressedbytheHartley-
Shannonlaw. Practicalexamplesconsidered
indicatethatasatelliteintercontinentalcommuni-
cationssystems,carryingeither600telephone
channelsoronetelevisionpictureperbroadband
RFchannel,couldbedesigned(usingeitherFM
or PCM)togivetherequiredqualityofservice
withthesatellitetransmitterpowernotinexcess
of5watt.TheFMsystemwouldrequireaband-
widthofatleast50Mcfor eachdirectionoftrans-
mission,whereasthePCMequipmenthasa
theoreticalminimumbandwidthofabout20Mc.

Related Publications:

A SURVEY OF PROGRESS REPORTED DURING

1955 IN TELEMETRY AND REMOTE

CONTROL

K. M. Uglow, IRE Trans. Telem. Remote Cont.,

vol. TRC-3, no. 2, May 1957, p. 9/13.

COMMUNICATION EFFICIENCY OF SPACE

TELEMETRY SYSTEMS

R. W. Sanders, Nat. Telem. Conf., May 1959,
p. 4/13.

DESIGN STUDY OF AN INTEGRATED AIR-

BORNE TELEMETRY SYSTEM

H. Pruss, Telemetering Corp. of America,

Sepulveda, Calif., Progress rept• no. 11

(Final), Aug. 1960, 23 p. incl. illus.,

Engineering rept. no. 707, AD 259 562.

. . . in the following phases . • • (1) deter-

mination of accuracy and data requirements,

(2) theoretical analysis of modulation methods.

USAF 480L AIRCOM PROGRAM SYSTEM

DESIGN• VOLUME III. TRANSMISSION SUB-

SYSTEM DESIGN

ITT Communication Systems, Inc., Paramus,

N. J., Rept. no. IC5-61-TN-2, AD 258 527.

• . . presents transmission subsystems as

design modules. In categorizing and describing

these modules, these transmission subsystems

have been included that are now available or

potentially available within the 1961-1964

AIRCOM time period ....

INFORMATION THEORY. AN ASTIA REPORT

BIB LIOGRA PH Y

H. W. Miles, Armed Services Technical Informa-

tion Agency, Washington, D. C., 1 Jan. 1962,

35 p., AD 269 800.

. . . References are included for documents

catalogued by ASTIA from 1953 through 1

January 1962 . . . communication systems . . .

data transmission systems . • .

OPTIMUM SYSTEM ENGINEERING FOR

SATELLITE COMMUNICATION LINKS WITH

SPECIAL REFERENCE TO THE CHOICE OF

MODULATION METHOD

W. L. Wright, et al., J. Brit. Instn. Radio

Engrs., vol. 23, May 1962, p. 381/391.

MULTIPURPOSE RECEIVER DESIGN STUDY

Phileo Corp., Palo Alto, Calif., Final rept.,

Rept• no. WDL-TR1850, 28 Sept. 1962,

333 p. incl. illus., tables, AD 286 985.

• . . to meet functions required of tracking

stations for the majority of anticipated space

programs through 1970 .... to function in the

frequency bands of 100 mc to 10 gc. Discussions

include the use of standard detection methods

plus phase and frequency feedback techniques for

detection of received signals including wide-band

FM, narrow-band FM, PM, AM, and multiple

angle modulations. Reliability and maintainability
evaluations are also included.
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• 1.802

1.802: ComparisonsoftheThreeClassesofAnalog,SampledandDigitalModulationSystems

Included:Comparisonofmodulationsystemsfor communicationslinksonpowersupplynetworks•

Not Included: Digitization of analog information sources (2); Protective encoding of information (2);
Comparison of telemetry systems.

Cross References: Comparisons between various analog modulation systems (1. 820); Comparisons

between various discrete modulation systems (1. 830); Analog modulation methods (Div. 1.2); Digital

modulation methods (Div. 1.3); Sampled modulation methods (Div. 1.4); PCM = pulse code modulation

(Div. i. 6).

Principal Publications:

NOISE STABILITY OF TELEMETRY SIGNAL

TRANSMISSION ON CHANNELS WITH

NOISE FLUCTUATIONS

V. A. Kashirin, et al., Automat. Remote

Control, vol• 19, Aug. 1958, p. 746/758.

COMPARISON OF PCM AND PPM FOR RADAR

COMMAND

S. Kazel, Proc. Nat. Symp. Telem., Sept•

1958, no. 9.3, p. 1/12.

• . . For PCM, it is shown that when the

effects of both quantization noise and noise

breaking through the receiver threshold are con-

sidered, there is optimum number of pulses

which results in maximum S/N improvement.

For PPM, it is shown that when both edge-shift

noise and noise breakthrough are considered,
there is an optimum deviation that maximizes

the output S/N ratio .... under the assumed

system limitations, PPM is superior to PCM in

regard to maximum reliable range, S/N improve-

ments, and minimum required bandwidth ....

COMPARATIVE MERITIS OF ANALOG AND

DIGITAL TELEMETERING

L. C. Watson, et al., Proc. Nat. Telemetering

Conf., May 1959, p. 14/24.

COMPARISON OF MODULATION SYSTEMS FOR

TELECOMMUNICATION ON POWER SUPPLY

NETWORKS (In Italian)

E. Belardinelli, etal., EnergiaElett., vol. 37,

no. 11, Nov. 1960, p. 1004/1011.

The signal/noise characteristics of various

methods of modulation are compared. It is

concluded that, for single speech circuit, AM is

preferred, with SSB working when more than one

channel is required. PCM is best suited to be

transmission of metering and control signals.

THE CASE FOR DIGITAL TELEMETRY

F. W. Lehan, et al., Proc. Nat. Aeron.

Electronics Conf., vol. 8, May 1960,

p. 463/467.

STATISTICAL EVALUATION OF DIGITAL--
ANALOG SYSTEMS FOR FINITE OPERATING

TIME

R. B. Northrop, et al., IRE Trans. Automatic

Control, vol. AC-5, no. 2, June 1960,
p. 118/128.

A frequency-domain mathematical model for

comparing the performance of a linear sampled-
data channel to a linear continuous channel is

developed .... The model allows an explicit

algebraic definition of ensemble mean-squared

error, after a finite operating time, by appli-

cation of residue theory .... The technique

developed is utilized to evaluate the ensemble

mean-squared error due to processing a

vehicle velocity estimate . . . in a digital com-

puter .... This problem is of fundamental

importance in present-day pure inertial, pure

Doppler, or inertial-Doppler navigation systems.

The effect of quantization, inherent in the process

of analogue-to-digital conversion, may be in-
cluded in this evaluation ....

EVALUATION OF MODULATION METHODS

FOR RANGE TELEMETRY

M. B. Rudin, IRE Conv. Rec. Pt. 5, vol. 8,

March, 1960, p. 17/28.

COMMUNICATION EFFICIENCY COMPARI-

SON OF SEVERAL COMMUNICATION

SYSTEMS

R. W. Sanders, Proc. IRE, vol. 48, April

1960, p. 575/588.

COHERENT SYNCHRONOUS SAMPLED DATA

TELEMETRY SYSTEMS

W. V. Rusch, et al., JPL Res. Summary, no.
36-8, Feb./March 1961, p. 41/51.

• . . certain types of data sources are of a

sampled nature; i.e., commutators are employed

which sample a given source periodically.

Sampled data signals also afford an inherent
degree of synchronization which can be used ad-

vantageously in a communication system ....
For the evaluation and comparison of various

modulation and detection systems, a generic

performance criterion must first be stipulated.
One of the simplest to measure and to calculate

is a mean-square error criterion, which will be

discussed in the next section. On this basis, a

wide class of coherent synchronous communica-

tions systems will then be analyzed .... Con-

clusions . . . PAM appears to be better than

PDM and PSK by a factor of three among the

modulation methods which may be demodulated

by linear synchronous detection, only because

the average power is the criterion. If a peak

power criterion were used, the three systems

would behave equally well ....
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A COMPARISONOFSEVERALTYPESOF
MODULATION

C.S.Weaver,IRETrans.Commun.Syst.,
vol.CS-10,no. i, March1962,p. 96/
i01.

• . . various modulation-demodulation com-

binations which may be used in data-link sys-

tems. Both digital and analog transmission

systems are discussed .... It is shown that

there is no one binary information transmitting
system that is superior under all circumstances.

Analog systems are discussed in terms of mean-

square error (variance), and this criterion

provides a convenient method for comparing

digital and analog systems .... A time multi-

plex PAM system is discussed, along with
crosstalk and noise level considerations for

such a system ....

SYNTEZ KOMPLEKSNOI SISTEMY,
SOSTOIASHCHEIIZ NEPRERYVNOGO I

DISKRETNOGO KANALOV (Synthesis of

a Complex System Consisting of a Con-

tinuous and a Discrete Channel) (In Russian)

I.B. Chelpanov, Akademiia Nauk SSSR, Izvestiia,

Tekhnieheskaia Kibernetika, Jan.-Feb. 1964,
p. 154/164, refs., A64-16982.

• . . procedure for determining the impulse

transfer function of the filters in a complex

two-channel system subject to noise. The

analysis is based on the condition of minimum

error spread, for the case where the flow of in-

formation in one channel is continuous, while in

the other channel it takes place at discrete
moments of time.

MODULATION CONSIDERATIONS FOR TttE

TRANSMISSION OF REAL-TIME SPACE

TE LE VISION

J.A. Develet, Jr., Aerospace Corp., Los

Angeles, Calif., SSD TDR63 117, 13 May
1963, 13 p., AD 406 315.

• . . the baseband signal was assumed:

(1) digitally encoded and modulated on a carrier

as binary PCM/PM; and (2) analogue modulated

as wideband FM . . . The performance and

complexity of these two approaches were then

reviewed with parameters typical of a moon mis-
sion. In comparing the digital to the analogue

approach, itwas found that the analogue system

was superior in all respects, e.g., simplicity,

reliability, and spacecraft power. Identical

comparisons as the foregoing were necessary to

establish the modulation techniques for Telstar

and Relay the world's first wideband communica-

tion satellites. Itis not surprising, therefore,

that these satellites utilize analo_4_e wideband

FM with frequency-followhlg receivers.

INVESTIGATION OF ANA LOG AND I)IGITA L

COMMUNICATION SYSTEMS

J. G. Lawton, Cornell Aeronautical Lab., Inc.,

Buffalo, N. Y., Phase 3 report, Final rept.,

Feb. 1962, Feb. 1963, RADC TDR63 147, May

1963, 175 p., AD 407 343.
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The maximum likelihood estimation of FM-

modulated signals is investigated ....

threshold phenomenon in FM reception with an

ideal discriminator and a postdetection Wiener
filter for the case of a random modulation

function .... bounds on the performance of

PCM systems for transmitting analog informa-

tion . . . compared with theoretical bounds for

systems of prescribed complexity• The analysis

of the optimization of N-ary digital systems

operating over a dispersive channel, which was

begun during a previous phase of the contract,
is further advanced.

PRELIMINARY STUDY OF MODULATION SYS-

TEMS FOR SA TE LLITE COMMUNICATION

S. Plotkin, Hughes Research Labs., Malibu,

Calif., (NASA CR-51993; Rept. 6R), June

1963, 69, 22 refs., N63-23817.

• . . A comparative study of power and band-

width requirements for SSB, FM, and PCM

modulation systems is given, as related to
multiple-access satellite communications. Com-

posite power-loading factors for multichannel

speech are treated as a function of the number of

channels... Multiple access considerations
show that serious difficulties arise in both all

FM and all-PCM systems. Thus, the concluding

modulation system choice is SSB for the up link,
and wideband FM for the down link. It was further

concluded that frequency division multiplex is

preferable to time division multiplex.

AN EXPERIMENTAL COMPARISON BETWEEN

A PULSE AND A FREQUENCY-

MODULATION ECHO-RANGING SYSTEM

L. Kay, J. Brit. Instn. Radio Engrs., vol. 20,

no. 10, Oct. 1960, p. 785/796.

• . . The results show that a previous theo-

retical study by the author can be used as the

basis of the design of a frequency-modulation

system which may compare very favorably with a

pulse system designed for the same purpose.

THE STRUCTURE OF EFFICIENT DEMODULA-

TORS FOR MULTIDIMENSIONAL PHASE

MODULATED SIGNALS

It. L. Van Trees, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 3, Sept. 1963, p. 261/271.

. . . the authors treat the AM case in detail

and indicate that the equations for the PM case

suggest mechanization schemes .... a com-

mon multiple-carrier modulation scheme PMn/

PM is discussed .... show that . . . esti-

mators arc essentially optimum for the multilink

FM, and FMn/FM case ....
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Section 1.81

1. 810: Analytical Background for the Comparison of Modulation Methods

Included: Definitions of error probabilities; Description of an ideal receiver; Communications

efficiency; Figure of merit of communications systems; Bounds on communications; Definition of

message circuit noise; Telemetering accuracy; Concepts of signal-to-noise ratio; Signal power
contrast; Signal energy contrast; Reliability of communications methods; Definition of transmission

rate; Information transfer efficiency; Standard communication rating systems; Signal-to-noise
density ratio.

Not Included: Detection and decision theory (2); Error correcting codes (2).

Cross References: Fundamentals of modulation methods (Div. 1.1); Analysis of analog modulation

methods (Sect. 1.21); Analysis of digital communications methods (Sec. 1.31); Fundamentals of

sampling modulation methods (Sect. 1.41); Analysis of pulse code modulation methods (Sect. 1.51).

Principal Publications:

OPTIMUM TYPE OF MODULATION

(Correspondence)

J.H. Vogelman, IRE Trans. Commun. Syst.,

vol. CS-6, no. 2, Dec. 1958, p. 62.

INTER-RELATION AND COMBINATION OF

VARIOUS TYPES OF MODULATION

W.D. Meewezen, Proc. Instn. Radio Engrs.
Australia, vol. 20, Oct. 1959, p. 582/590.

EVALUATION OF MESSAGE CIRCUIT NOISE

A.J. Aikens, et al., Bell Syst. Tech. J.,

vol. 39, no. 4, July 1960, p. 879/909.

• . . measuring some physical attribute of the
electrical noise such that two noises that are

judged to be equally interfering are assigned ap-

proximately equal numerical magnitudes. To

give meaning to such magnitudes, the scale of

measurement is related by way of subjective

assessment into terms useful to telephone
engineering ....

THE COMPARISON OF DIGITAL COMMUNICA-

TION SYSTEMS

C.W. Helstrom, IRE Trans. Commun. Syst.,

vol. CS-8, no. 3, Sept. 1960, p. 141/150.

• . . Two methods are proposed for com-

paring the performances of digital communica-
tion systems differing in the number of available

signals, in bandwidth, in rate of transmission,

and in complexity .... The concept of 'strictly

comparable systems' is introduced; for these the

two methods lead to the same ranking .... The

advantage over binary systems of systems of
higher order, in which more than one kind of

signal can be transmitted, is illustrated•

COMMUNICATION EFFICIENCY COMPARISON

OF SEVERAL COMMUNICATION SYSTEMS

R.W. Sanders, Proc. IRE, vol. 48, no. 4,

April 1960, p. 575/588.
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.METHODS OF COMPARISON AND EVALUATION

OF COMMUNICATION SYSTEMS

L. Valcik, et al., Armour Research Founda-

tion, Chicago, Ill., 26 July 1960, AD 244
887.

A study was made leading to the development

of methods for comparing and evaluating long-

range point-to-point communication systems.

This technical note summarizes the initial stage

of a review of factors affecting the choice of

modulation for use with the various propagation

modes .... a review of AM, FM, and PM

principles, discussion of matched filters and

correlation detectors, a short summary of

propagation effects on some types of signals.

Emphasis is on the theoretical performance of

digital AM, FSK, and PSK systems under

certain non-fading conditions. An extensive list
of references is included.

METHODS OF COMPARISON AND EVALUATION

OF COMMUNICATIONS SYSTEMS (Volume I)

Armour Research Foundation, Chicago, Ill.,

Technical rept. on Phase I, (RADC TR 60-97A),

31 March 1960, 144 p., incl. illus., AD 239
198.

• . . leading to the development of methods for

comparing and evaluating long-range point-to-

point communication systems .... following
factors are discussed: theory, availability of

mode, region of the spectrum suitable for the

mode, special topography requirements, range

capability and transmission loss, available

bandwidth, fading characteristics, and typical
antenna characteristics. A total of seventeen

modes are discussed.

METHODS OF COMPARISON AND EVALUATION

OF COMMUNICATIONS SYSTEMS. (Volume II)

Armour Research Foundation, Chocago, Ill.,

Technical rept. on Phase I, 31 March 1960,

lv., incl. illus., AD 239 199.
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TECHNIQUES FOR COMPARING MODULA-

TION METHODS FOR DATA TRANS-

MISSION OVER TELEPHONE CHANNELS

W.R. Bennett, et al., IRE Trans. Commun.

Syst., vol, CS-9, no. 3, Sept. 1961,

p. 239/243.

--A program has been initiated for study

of complete data communication systems by

a general purpose analog computer. Complete

PM and FM systems including transmitter,

receiver, and channel have been simulated.

Illustrative results and a discussion of

criteria of performance are presented.

ERROR PROBABILITIES OF LINEAR

CODES AT HIGH SIGNAL-TO-NOISE

RATIO

E.C. Posner, et al., JPL Res. Summary,
no. 36-13, Dec. -Jan. 1961, p. 37/38.

The problem is this: given an (n, k) linear

code, should one transmit the k information

bits uncoded using a given time per symbol,

or should one use the code with a time per

symbol shorter by a factor of k/n, and thus

have a lower signal-to-noise ratio ? Here

the criterion can be based upon either Pw

or Pb (Sec V-E-l); as the symbol error

probability in the channel approaches zero,

it will be seen that the two criteria give
the same result as to whether to use the code.

EFFECTIVENESS OF ERROR-CORRECTING

CODES COMPARISON OF BIT ERROR

PROBABILITIES

JPL Res. Summary, no. 36-13, Dec. -Jan.

1961, p. 32/37.

• . . the "word bit error probability, " . . . de-

fined . . . one uses maximum likelihood decoding

(that is, decoding into the closest word) . . . An-

other definition of bit error probability is Pb, the

"expected bit error probability, "which is defined . . .

COHERENT SYNCHRONOUS SAMPLED

DATA TELEMETRY SYSTEMS

W.V. Rusch, et al., JPL Res. Summary,

no. 36-8, Feb. -March 1961, p. 41/51.

• . . For the evaluation and comparison

of various modulation and detection systems,

a generic performance criterion must first

be stipulated. One of the simplest to measure

and to calculate is a mean-square error

criterion . . . On this basis, a wide class of

coherent synchronous communications

systems will then be analyzed ....

DETERMINATION OF THE FUNCTION OF
AN IDEAL RECEIVER

N.L. Teplov, Radio Engng: Transl. of Radio-

tekhnika, vol. I6, no. 3, 1961, p. 30/38•

Functions of an ideal receiver are defined,

depending on the statistical structure of

information and on the signal form. Parameters
of an almost ideal receiver are shown ....

CODES, ENERGY CONTRAST, AND

TRANSMISSION RATE

J.H. Van Horn, Conf. Proc. Nat. Conv• Mil•

Electronics, vol. 5, June 1961, p. 256/267.

CLASSIFICATION AND EVALUATION OF

COHERENT SYNCHRONOUS SAMPLED-

DATA TELEMETRY SYSTEMS

A. Viterbi, Jet Propulsion Lab., Calif. Inst.

of Tech., Pasadena, Technical rept. no.

32-123, 15 June 1961, 10p., AD 260 585.

An analysis is given of the various types of
continuous wave and pulse modulation for the

transmission of sampled data over channels

perturbed by white gaussian noise• Optimal

coherent synchronous detection schemes for all
the different modulation methods are shown to

belong to one of two general classes: (1) linear

synchronous detection, and (2) correlation
detection. The figures of merit, mean-square

signal-to-error ratio and bandwidth occupancy,

are determined for each system and compared.

COMPUTER STUDY OF DESIGN CRITERIA

FOR CONTROL SYSTEMS

R. A. Bruns, JPL Res. Summary, no. 36-14,

Feb. -March 1962, p. 19/22.

• . . to establish criteria whereby control

system performance might be evaluated . . .

A comparison between IES (integral-error-

squared) and IAE (Integral-absolute-error) for

a second-order linear attitude control system

was presented in RS 36-11 for disturbance step

function inputs. Two additional criteria . . .

which weight the time function are: ITES

(integral-time-error-squared) and ITAE

(integral-time-absolute error) ....

TELEMETRY WITH A SMALL NUMBER OF

QUANTIZATION LEVELS

I. Eisenberger, JPL Space Progr. Summ.,

vol. 4, no. 37-17, Aug. - Sept. 1962,

p. 66/67•

• . . (1) Can a reduction in the number of

quantization levels result in a decrease in the

variance of the estimate ? (2) Which system

should be used if the number of quantization

levels is reduced; i.e., should one use the
increased time available to take more obser-

vations or should one increase T and keep the
number of observations constant ? The results

of an investigation into these questions are

given . . .
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A CRITERION FOR THE STATISTICAL

COMPARISION OF COMMUNICATION

SYSTEMS

T.L. Grettenberg, Lockheed Aircraft Corp.,

Sunnyvale, Calif., (Rept. no. 6-90-62-22),

Feb. 1962, 153 p. incl. illus., 25 refs.,

AD 275 467.

The methods of comparing statistical

experiments are investigated as possible

criteria for comparing communication

systems• It is found that one method of

comparision (the divergence criterion) is

implied by each of the comparison criteria

considered .... may be used to select an

optimum communication system from a class

of communication systems to be compared.

This procedure is illustrated in four signal-

selection problems•

ON COMPARING THE MODULATION

SYSTEMS

J.C. Hancock, Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 45/50.

Numerous investigators in the past have

compared the various modulation and detection

systems from different viewpoints. The purpose

of this paper is to unify these comparisions for

analog and digital systems• Fundamental

concepts of the modulation and detection process

are discussed as well as figure of merits for

comparision...

INFORMATION TRANSFER EFFICIENCY OF

WIDEBAND COMMUNICATION SYSTEMS.

PART I. INFORMATION EFFICIENCY OF

BINARY COMMUNICATION SYSTEMS

J. C. Hancock, et al., Purdue U., School of Electrical

Engineering, Lafayette, Ind., ASD TDR 62-611, pt.

1, July 1962, 121 p., incl. illus., tables, 18 refs.,
AD 284 450.

• . . evaluating various combinations of modulation

and detection in both symmetric and non-symmetric

modes of binary communications operation .... A

new criterion called information efficiency is defined
which is based on realizable information . . .

OPTIMAL PROPERTIES OF STANDARD
TELEMETRY

L.H. Harper, Jr., JPL Space Progr. Suture.,

vol. 4, no. 37-17, Aug. -Sept. 1962,
p. 69/71.

• . . It is the purpose of this note to prove

the following theorem concerning the sum of

the absolute values of the edge differences.

Theorem . . . the standard assignment is
optimal with respect to the criterion of the

sum of the absolute values of all differences

corresponding to single errors•

407

SPAN: A PRACTICAL COHERENT SYSTEM

ANALYSIS METHOD

J. C. O'Brien, Conf. Proc. Nat. Conv. Mil.

Electronics, vol. 6, June 1962, p. 56/62•

The need for an exact, universal performance

measure, suitable for expressing the dynamic

laws of system behavior, is generally recognized.

For several years, Nortronics . . . has been

actively engaged in research to define such a

unit for use in systems engineering and design

projects .... merely statistical or semi-

statistical measure is inadequate . . . because
of the lack of causal coherence in a statistical

representation. Logical causality is the principal

basis of engineering design. A universal,

mathematically descriptive "yardstick" . . .
desirable .... Such a measure is currently to

be found in various limited areas of scientific

technology. Examples are the entropy measure

of availability of heat energy in thermodynamics,

the Laplacian equation for the flow rate of energy

density in classical physics, and the subjective

measure of availability of decisions which is

called information content flow or "negentropy"

rate, in information and communication theory•

• . . The result has been designated the SPAN

(System Performance Analysis) method. It still

requires considerably more validation to merit

acceptance as a rigorous analytical tool ....

CODING FOR SOURCE AND CRITERION

E.C. Posner, et al., JPL Res. Summary,

no. 36-14, Feb. -March 1962, p. 33.

• . . important is the "criterion of fidelity,"

• . . usually a word or bit error probability.

However, there are many practical situations

where . . . the criterion of fidelity should not

be taken as an error probability .... For

example, if the data are to be used for

parameter estimation, the variance of the

estimate is a proper criterion.

DIGITAL COMMUNICATION STUDIES, PART I.

COMPARATIVE PROBABILITY OF ERROR

AND CHANNEL CAPACITY• PART II.

ASYNCHRONOUS TIME-MULTIPLEXING OF

MULTICHANNEL SPEECH SOURCES

M.P. Ristenbatt, et al., Office of Research

Administration, U. of Michigan, Ann Arbor,

(Tech. rept. no. 133; Rept. no. 4251-2-T),

March 1962, 128 p., incl. illus, tables,

41 refs., AD 275 480.

• . . This treatment should help structure

the selection of modulation and coding methods

for proposed communication systems ....

some fundamental principles, terminology,

and methods of comparing are suggested•
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DEVELOPMENT OF A STANDARD

COMMUNICATION RATING SYSTEM

D.L. Scidmore, et al., Minneapolis-Honeywell

Regulator Co., Seattle, Wash., Rept. no.

872, (RADC TDR 62-70), 5 Jan. 1962,

144 p., incl. illus, refs., AD 274 545

• . . useful for comparision and evaluation

of communication systems .... Propagation

modes used are examined to determine that they

fit within the mathematical requirements.

Finally a means of processing and presenting

the ratings for comparision and evaluation is

devised. The rating system evolved has few

limitations, is quite flexible and easily used,

and is applicable to a wide range of point-to-
point communications problems.

OPTIMUM DECODING AT LOW SIGNAL-

TO-NOISE RATIOS

E.C• Posner, JPL Space Progr. Summ.,

vol. 4, no. 37-23, Aug. - Sept. 1963,

p. 155/156.

. . . Two criteria of performance are

used: expected number of information bits

in error, and probability of word error ....

K.RITERII TOCHNOSTI TELEIZMERENIIA

PRI VOZDEISTVII POMEKH KANALA

SVIAZ (Criterion for Telemetering

Accuracy in the Presence of Communi-

cation-Channel Noise) (In Russian)

N.V. Pozin, Avtomatika i Telemekhanika,

vol. 24, Dec. 1963, p. 1712/1717,
A64-13120.

Determination of the telemetering error

induced by channel noise and instability of
telemetering devices• A dimensionless

criterion, termed the noise-proof factor, is

derived for the analysis of the effectiveness

of interference killing in individual telemetering
techniques.

METHODS OF THRESHOLD SIGNAL

RECEPTION IN TttE PRESENCE OF
NOISE

J. Seidler, Foreign Tech. Div., Air Force

Systems Command, Wright-Patterson, AFB,

Ohio, 7 Oct. 1963, 139 p., AD 424 402.

Six parameters of importance in many

communication systems are: (a) the rate at

which digital information is transmitted; (b) the

bandwidth of the system; (c) the signal power of

the transmitted signals; (d) the noise power of

disturbances in transmission; (e) the error

probability in digits recovered at the receiver

output; (f) the length of time that the transmitter

and receiver can store their inputs . . . In a

series of curves, this paper describes the

boundary between compatible and incompatible

sets of parameter values. In the model studies,
it is assumed that the disturbance is additive

Gaussian noise with constant power density

spectrum in the transmission band.

A NOTE ON THE WORD ERROR PROBABILITY

ASSOCIATED WITH A SEQUENCE OF DIGITS

HAVING UNEQUAL ERROR PROBABILITIES

(Correspondence)

F° G. Splitt, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 4, Dec. 1963, p. 492/493.

• . . in cases where the interference is

nonstationary or where a quantized frequency

modulation (QFM) transmission is perturbed by

colored noise, the digit error probabilities will

be unequal. These unequal digit error

probabilities lead to cumbersome expressions

for the probability distribution function for the

number of ones in the error sequence and the

word error probability. It is to the simplifi-

cation of these problems that this note is
addressed ....

ANALOG-TO-DIGITAL CONVERSION BY

POLYNOMIAL FITTING

J.J. Stiffler, JPL Space Progr. Summ.,

vol. 4, no. 37-21, April -May 1963,
p. 171/175.

• . . In the investigation here, the measure
of the "closemess of fit" of the reconstructed

time function . ° . to the original function . . .

will be the average mean-squared error . . .

QUANTIZING FOR MAXIMAL SIGNAL-TO-

NOISE RATIOS

R.C. Titsworth, JPL Space Progr. Summ.,

vol. 4, no. 37-24, Oct. -Nov. 1963,
p. 209/211•

• . . The relationship between the

conventional concept of signal to noise ratio

and the concepts of decision theory are
discussed.

BOUNDS ON COMMUNICATION

D. Slepian, Bell Syst. Teeh. J., vol. 42,

no. 3, May 1963, p. 681/707•
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In SPS 37-23, Vol. IV, the author derived

expressions for the optimal quantization levels

and thresholds to minimize quantization noise•

Another measure of quality in the reconstructed

data is the reconstructed-signal-to-noise ratio

rather than the ordinary sigmal-to-noise ratio•

Expressions are derived here for the optimal
level and threshold values when such a criterion

is assumed•



1.810

ON COMPARING DIGITAL SYSTEMS

(Correspondence)

W.J. Walbesser, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 247/249•

• . . It is the purpose of this communication

to describe a basis for comparing arbitrary

discrete communication channels, i.e.,

systems characterized by general rectangular

probability matrices, which is both intuitively
satisfying and contains within it the results

described above for N-ary systems ....

MINIMUM SIGNAL TO NOISE-DENSITY

RATIOS FOR TRANSMISSION OF

TELETYPE AND SPEECH

F.F. Yates, Aerospace Corp., Los Angeles,

Calif., Rept. no. TDR269 4111 7, SSD

TDR63 215, Jan. 1964, 9 p., AD 429 202.

The sigual-to-noise requirements of a

phase modulation communication channel are

considered for the transmission of teletype

and voice for certain specified performance

criteria• Three typical communication

services are analyzed: 100 wpm teletype -
1/20 letter error rate; 3 kc voice - 80% word

intelligibility, and 3 kc voice - 30 db output

baseband signal-to-noise ratio. The

transmission requirements are expressed in

terms of the minimum signal-to-noise density

ratio required in the pre-detection bandwidth

of the signal demodulator ....

Related Publications:

A NOTE ON THE APPLICABILITY OF

ERROR CORRECTING CODES

J.E. Palmer, Conf. Proc. Natl. Conv.

Mil. Electronics, vol. 4, June 1960,
p. 190/193.

• . . In order to properly evaluate the

performance of an error correcting code, it

is necessary to consider both the increased

immunity to errors and the decreased ability
to transmit information. Such an evaluation

technique will be described in this paper, using
several numerical examples of the use of this

evaluation technique . . .

CRITERIA FOR COMPARISON CONTROL
SYSTEMS

R. A. Bruns, JPL Res. Summary, no. 36-11,

Aug. -Sept. 1961, p. 23/26.

In order for an adaptive control system to

function in a widely varying environment, it

must have some reference standard based on

a design criterion• This report is an
investigation of two such criteria.

With the emphases on the minimum-energy
criterion, it seems advisable to minimize the

integral-error-squared function of a given

control system. Many other criteria have been

suggested . . . such as integral-absolute-error

• • . the control system must steer the space-
craft to the required destination with a minimum
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fuel consumption .... it appears logical to

begin by minimizing the integral-error-squared

signal (IES) generated by a given disturbance on

the system; also, it is mathematically
convenient•

RELIABILITY PRINCIPLES IN COMMUNICA-
TION NETWORKS

L.S. Schwartz, ITT Communication Systems,

Inc., Paramus, N.J., Rept. no. ICS 61

TM 6, ESD TDR 63 691, 29 Sept. 1961, 26p.,
AD 430 421.

FURTHER COMMENTS ON THE RELIABILITY

OF NETWORKS

L.S. Schwartz, ITT Communication Systems

Inc., Paramus, N.J., Rept. no. 61TM8,

ESD TDR 63 692, 31 Oct. 1961, 9p.,
AD 430 62O.

ERROR PROBABILITIES FOR OPTIMAL

CODES IN A GAUSSIAN CHANNEL

T. Kailath, JPL Res. Summary, no. 36-14,

Feb. - March 1962, p. 39/41.

In a paper in 1959 Shannon (Ref 6) derived

several lower and upper bounds on the error

probability . . . for an optimal code signalling

over a channel perturbed by additive white

noise .... the final results were remarkably
elegant .... it seems desirable to obtain as

much of an understanding of the results and the

methods of obtaining them as possible. In 1956

Shannon (Rcf 7) described a general and powerful

technique for obtaining such results. These

techniques were delineated earlier in a paper by

Cramer (Ref 8). In this report we shall give a
brief discussion of the essentials of this method

and show how it can be used to obtain, in a

special case, the results of Shannon.

ERROR-CORRECTING CODES AT VERY LOW

SIGNAL-TO-NOISE RATIOS

E.C. Posner, JPL Res. Summary, no. 36-14,
Feb. - March 1962, p. 34/36.

• . . one is interested in the asymptotic

performance of the code as the signal-to-noise

ratio approaches zero. This asymptotic result

is needed in order to compare the thresholding

properties of error-correcting encoding with

the performance of other encoding systems•

EUROPEAN-MEDITERRANEAN TROPOSPHERIC

SCATTER COMMUNICATION SYSTEM

PERFORMANCE SPECIFICATION IN-BAND

SIGNALING EQUIPMENT

ITT Communication Systems, Inc., Paramus,

N.J., Bept. no. 61, ESD TDR63 694,

1 April 1962, 14 p., AD 430 415.

GRUNDSATZLICHE BETRACHTUNG ZUR

ANWENDUNG PSYCHO-PHYSISCHER

GESETZE FUR DEN ENTWURF

VISUELLER NACHRICHTENSYSTEME

(Fundamental Considerations for the

Application of Psycho-Physical Laws for

Designing Picture Transmission Systems)
( In German)

A.J. Seyler, Arch Elekt. Uebertragung,

vol. 17, Feb. 1963, p. 51/63, 45 refs.



1•820

• • . derivationoffidelitycriteria. . .
manactsasaninformationsinkandthus
thefactofreceivingacertainmessage
cannotbeusedasanobjectivelydefined
fidelitycriterion.Rather,thesystemquality
is definedbythecriterionofpreservingthe
illusionofdirectcommunication,i.e., by
thesubjectivelyunimpairedsensationof
sensorystimuli....

THEORYOFRAMDOMFUNCTIONSWITH
APPLICATIONTONOISEIN RADIO
RECEIVERS

A.J. Siegert,IN: SymposiumonEngineering
ApplicationsofRandomFunctionTheory
andProbability,First, Proceedings,New

York,JohnWileyandSons,Inc., 1963,
p•68/87,14refs.,A63-14766.

UNIFIEDANALYSISOFCERTAIN
COHERENTANDNONCOHERENT
BINARYCOMMUNICATIONSSYSTEMS

S.Stein,IEEETrans.Inform.Th•,vol.IT-10,
vol.1, Jan.1964,p. 43/51•
• . . Theunifiedresultis achieved

byexploitingafundamentalrelationship
betweennoncoherentandcoherentoperation.
Also,someusefulandnotwideiy-
knownmathematicaltechniquesinvolving
theQ functionarepresentedandutilized
in thederivations....

Section i. 82

i. 820: Comparison of Analog Modulation Systems

Included: Comparison of AM with FM; Comparison of DSB with SSB; Analog transmission systems

for digital data.

Not Included: Analog encoding methods (2).

Cross References: Comparison of the various SSB methods (I.223); Analog modulaltion methods

(Div. 1.2).

Principal Publications:

SELECTION OF MODULATION FOR
SPEECIt COMMUNICATION

G. J. Kelley, Electronics, vol. 31, no. 28,

March 1958, p. 56/59.

OVERMODULATION OF A CARRIER BY

SINE WAVE AND GAUSSIAN NOISE

D. R. Rothschild, Proc. Nat. Electronics

Conf., vol. 14, Oct. 1958, p. 724/735.

• . . The analysis is based on formulation
of a basic model of an AM transmitter and an

idealized modulation characteristic. Appro-

priate parameters are defined to characterize

the degree of modulation, including over-modu-
lation ....

COMPARISON TESTING OF MODULATION

MODES FOR HIGH-FREQUENCY GROUND-
TO-AIR VOICE COMMUNICATIONS

D. E. LeBrun, et al., Rome Air Development

Center. Griffiss Air Force Base, N. Y.,

(Rept. no. RADC TR-59-55), May 1959,

15 p., AD 213 785.

Tests are described which were conducted

to obtain a practical comparison between (1)

single sideband suppressed carrier (SSBSC);

(2) double sideband amplitude modulated (DSB-

AM); (3) double sideband suppressed carrier

(DSBSC); and (4) pilot carrier or synchronous

single sideband (SSSB). These tests were con-

ducted over a period of one year. Data were

gathered by means of sequentially transmitting

phonetically-balanced (PB) word lists via the

various modes, and analyzing the recorded

results for intelligibility• The transmissions

were between Rome, New York, and a C-131

aircraft which was flown extensively in the
United States and the West Indies .... Re-

sults obtained were significantly in favor of the
SSBSC.

IDEAL BINARY PULSE TRANSMISSION BY
AM AND FM

E. D. Sunde, Bell Syst. Tech. J., vol. 38,

no. 6, Nov. 1959, p. 1357/1426.

• . . It is shown that intersymbol inter-

ference can be avoided in binary pulse trans-

mission by FM without the need for a wider

channel band than in double-sideband AM, for

equal pulse transmission rates • . . partial

pulse shaping by premodulation and post-

detection low-pass filters is also considered•

MODULATION

S. Weber, Electronics, vol. 32, no. 43, Oct.

1959, p. 103/105•

Optimum modulation method is required for

best use of the propagation medium•

Engineers are not always agreed on what is
optimum

Amplitude Modulation -

Frequency Modulation -
Pulse Modulation-

Single Sideband -
Double Sideband

ANALYSIS OF ANGLE MODULATION COM-

M UNICATIONS SYSTEMS

M. F. Easterling, et al., JPL. Res. Sum-

mary, vol. 1, no. 36-10, June/July 1961,
p. 30/36•
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The investigation of angle modulation com-

munications systems utilizing phase-locked
demodulators has continued. The first purpose

is to compare the performance of phase modu-

lation (PM) and frequency modulation (FM)

communications systems under the constraint

that the receiving system utilize only phase-

locked demodulators• The second purpose is

to provide a sound analytical basis for the de-

sign of analog telemetry systems (Ref 21).

The consideration of the FM phase-locked de-
modulator is of interest because of recent

work (Refs 22 to 26) on FM discriminators with

negative feedback•

A SURVEY OF SINGLE-SIDEBAND AND

ASSOCIATED TECHNIQUES FOR VOICE
COMMUNICATION

A.L. Rock, et al•, Research Inst., U. of Mich-

igan, Ann Arbor, (Tech. rept• 117; 3899-42-

T), Jan• 1961, 103 p., AD 257 017.

• . . synchronous communication, compa-

tible single-side-band, exalted carrier recep-

tion, etc. were included to make the report

more comprehensive and to emphasize the im-

portance of these alternative techniques for

radio-telephone communications • . .

ON COMPARING THE MODULATION

SYSTEMS

J. C. Hancock, Proc• Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 45/50.

Numerous investigators in the past have

compared the various modulation and detec-

tion systems from different viewpoints. The

purpose of this paper is to unify these compar-

isons for analog and digital systems• Funda-

mental concepts of the modulation and detection

process are discussed as well as figures of

merit for comparison . . .

OPTIMUM COHERENT DEMODULATION

OF CONTINUOUS MODULATION

SYSTEMS

A. J. Viterbi, JPL Space Progr. Summ.

vol. 4, no• 37-16, June/July 1962,

p. 50/54•

The parameter of the carrier which is

modulated may be amplitude or angle; the

latter includes both phase and frequency
modulation. These three forms of modu-

lation will be compared for the purpose of

demonstrating the potential improvement in

output signal to noise ratio (SNR) for angle

modulation relative to amplitude modulation.

THEORY AND PERFORMANCE LIMITATIONS

OF ANALOG SYSTEMS

W. M. Brown, et al., IEEE Trans. Mil.

Electronics, vol. MIL-8, no• 2, April

1964, p. 102/113.

A unified view of the large amount of

progress which has been made in the analysis

of systems such as radar, communications,
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imaging systems, etc., is presented• The

basic theory of complex parameter systems

and the role of phase lock in such systems is
given • . . Performance limitations due to

phase errors, stochastic delays, and clipping

are discussed . • . some results of filtering

for the modulus of a complex signal . . • some

problems in scatter communications ....

AN ANALYSIS OF PCM TRANSMISSION

VIA SINGLE SIDEBAND

R. Gardner, et al., RCA Defense Electronic

Products, New York, 1 May 1963, 191
p•, AD 406 700.

• . . to determine the relative merits of

single-sideband transmission as against FM

transmission of multichannel (e. g. 12-chan-

nel) PCM signals . . .

Related Publications:

PERFORMANCE STANDARDS AND TEST

SPECIFICATIONS FOR VOICE MESSAGE
AMPLITUDE AND BANDWIDTH COM-

PRESSION EQUIPMENT

ITT Federal Labs•, Palo Alto, Calif.,

Final rept., ESD TDR 63 690, 31 Oct.

1960, 83 p., AD 430 118.

• . . performance standards . . . now in

service are based upon electrical measure-

ments, such as the frequency response, the

signal-tp-noise ratio, and the percent of sig-
nal distortion ....

HILBERT TRANSFORMS AND MODULATION

THEORY

F. F. Kuo, et al., Proc. Nat. Electronics

Conf., vol. 18, Oct. 1962, p. 51/58.

Hilbert transforms are important in rep-

senting certain modulated signals. In this
tutorial paper we will explore the use of

Hilbert transforms in the theory of amplitude

modulation, especially single sideband . . .

PRELIMINARY STUDY OF MODULATION

SYSTEMS FOR SATELLITE COMMUNI-

CA TI ON

S. Plotkin, Hughes Research Labs., Malibu,

Calif., (NASA CR-51993; Rept. 6R),
June 1963, 69 p., 22 refs, N63-23817.

• . . A comparative study of power and

bandwidth requirements for SSB, FM, and

PCM modulation systems is given . . . the

concluding modulation system choice is SSB
for the up link, and wideband FM for the

down link. It was further concluded that fre-

quency division multiplex is preferable to

time division multiplex.



i. 830

Section 1.83

I. 830: Comparison of Discrete Modulation Systems

Included: Comparison of binary and m-ary digital systems;
Comparison of higher order discrete systems.

Not Included: Error correction coding methods (2); Comparison of coded with uncoded

transmissions (2).

Cross References: Digital modulation methods (Div. 1.3); Sampling modulation methods

(Div. 1.4); Pulse code modulation (Div. 1.5). 1.4); Pulse code modulation (Div. 1.5).

Principal Publications:

COMPARISON OF BINARY DATA TRANSMISSION

SYSTEMS

J. G. Lawton, Proc. Nat. Aeron. Electronics

Conf., June 1957, p. 128/132.

THEORETICAL COMPARISON OF BINARY DATA

TRANSMISSION SYSTEMS

H. D. Becker, et al., Cornell Aeronautical Lab.,

Inc., Buffalo, N. Y., May 1958, 69p.,
AD 148 803.

Ground-Air data communication links are

analyzed and compared on the basis of the error

probability attained as a function of the received

signal-to-noise ratio. For the case of frequency-
shift keyed (FSK) modulation it is shown that the

lowest error rate can be obtained by using a
detector which incorporates two matched filters

and a synchronized sampling and decision circuit.

EVALUATION AND OPTIMIZATION OF DIGITAL

COMMUNICATION SYSTEMS

S. S. L. Chang, et al., New York U. Coll. of

Engineering, N. Y., Jan./June 1958, 100 p.,
AD 160 807.

FEHLERSICHERHEIT BINARER UBERTRA-

GUNGEN BEI VERSCHIEDENEN

MODULATIONSARTEN (Vulnerability to
Errors of Binary Transmission for Different

Modulation Methods) (In German)

H. J. Held, Nachriehtentech. Z., vol. 11,

June 1958, p. 286/292•

COMPARISON OF BINARY DATA TRANSMIS-
SION SYSTEMS

J. G. Lawton, Proc. Conf. on Mil. Electronics,
June 1958, p. 54

EVALUATION AND OPTIMIZATION OF DIGITAL

COMMUNICATION SYSTEMS

S. S. L. Chang, et al., New York U. Coll. of

Engineering, N. Y., Final Scientific rept.,

14 Jan. 1958-14 Jan. 1959, (Rept. no. AFCRC

TR-59-110), Jan. 1959, 30 p., AD 211 102.

COMBINED DIGITAL PHASE AND

AMPLITUDE MODULATION COMMUNI-

CATION SYSTEMS

C. R. Cahn, IRE Trans. Commun. Syst.,
vol. CS-8, no. 3, Sept. 1960, p. 150/155•

• . . investigated for the asymptotic case

of a high signal-to-noise ratio. A simple

and excellent approximation to the probability

of error is derived for both coherent and

phase-comparison demodulation. In addition,

a simple expression is derived for the

asymptotic degradation of phase-comparison
demodulation .... When the number of

bits per sample of the signal is large, a

combination of digital amplitude and phase
modulation is found to make more efficient

use of transmitter power than phase modulation
alone.

COMPARISON OF PSK VS FSK AND PSK-

AM VS FSK-AM BINARY-CODED

TRANSMISSION SYSTEMS

A. B. Glenn, IRE Trans. Commun. Syst.,

vol. CS-8, no. 2, June 1960, p. 87/100.

. . . in the presence of additive white
Gaussian noise.., based on the relative

probability of error, operating range, required

system bandwidth, and system frequency

instability. The important subjects of

improvement thresholds, some aspects of

statistical decision theory, and channel

characterization are briefly discussed.

(Correction)

A. B. Glenn, IRE Trans. Commun. Syst.,

vol. CS-8, no. 4, Dec. 1960, p. 272.

• . . Comparison of PSK vs FSK and

PSK-AM vs FSK-AM Binary-Coded Transmis-

sion Systems, which appeared on pages 87-

100 of the June 1960, issue.

IDEAL BINARY PULSE TRANSMISSION BY AM
AND FM

E. D. Sunde, Bell Syst. Tech. J., vol. 38,
Nov. 1959, p. 1357/1426.

THE COMPARISON OF DIGITAL COMMU-

NICATION SYSTEMS

C. W. Helstrom, IRE Trans. Commun. Syst.,

vol. CS-8, Sept. 1960, p. 141/150.
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MODULATION AND SIGNAL SELECTION FOR
DIGITAL DATA SYSTEMS

R. M. Lerner, Proc. Nat. Electronics Conf.,
vol. 16, Oct. 1960, p. 2/14, 28 refs.

The statistical decision model of a commu-

nication channel is used to discuss a variety of

signal modulation techniques intended to overcome
the problems met in the use of voice-bandwidth
channels for high performance digital data transmis-
sion. The importance of proper transmission of
timing and word-start information is emphasized.
• . . It is pointed out that in the presence of
additive white Gaussian noise, the performance of

such simple-waveform systems as AM, Phase
Reversal, and FSK is the same to within a few db.
• . . the implications of the fact that the channel

noise is not Gaussian, but impulsive in character
are briefly explored.

COMMUNICATION EFFICIENCY COMPARISON
OF SEVERAL COMMUNICATION SYSTEMS

R. W. Sanders, Proc. IRE, vol. 48, April 1960,
p. 575/588.

THE NEW MASS COMMUNICATIONS

H. Sherman, Proc. Nat• Electronics Conf.,
vol. 16, Oct. 1960, p. 1.

High speed data transmission as a new
communications service is growing under our
eyes into a mass information exchange, second

only to voice communications as a major commu-
nications service ....

DIGITAL TELEMETRY TESTING PROGRAM

M. F. Easterling, et al., JPL Res. Summary,
no. 36-8, Feb./March 1961, p. 57/65•

• . . tests are being carried out to verify the
theoretical evaluations of various systems . . .
Partial results of these tests are being reported
• . . Digital systems fall within one of two broad
categories, i.e.., either bit-by-bit detection
or coded-word detection• They are further

categorized into types of modulation and various
mechanizations ....

DIGITAL METHODS IN SPACE COMMUNICATION

S. C. Ghose, (International Scientific Radio Union

(URSI), Symposium, Paris, France, Sept.
18-22, 1961.), IN: Space Radio Communication,
New York, Elsevier Publishing Co., 1962,
p. 447/469, A63-14258.

Description of a scheme, by which reliable,
wideband, two-way radio communication can be
established between two fixed areas situated

many thousands of miles away from each other,
by using an active repeater contained within a
satellite in orbit• It is recommended that digital
modulation of the RF carrier operating at micro-
wave frequencies be used instead of the better

known wideband FM transmission system. Block

diagrams of the individual parts of the complete

communication circuit are given. Adequate
guard bands are also indicated, together with
the room for additional RF channels which can

be picked up or dropped at will. After discuss-
ing the digital modulation of the RF carrier,
time-sequential waveforms are shown in
detail, starting from the electrical analog of
a harmonic motion at the transmitter and

finishing with the recreated version of the

same analog waveform at the output terminals
of the final receiver• The possible perform-
ances of this system are analyzed.

COMPARISON OF DIGITAL MODULATION
SYSTEMS

R. C. Hansen, (International Scientific Radio
Union (URSI), Symposium, Paris, France,
Sept. 18-22, 1961.), IN: Space Radio
Communication, New York, Elsevier
Publishing Co., 1962, p. 470/475,
A63-14259.

Comparison, on the basis of both error
rate and efficiency, of bi-phase and bi-
orthogonal modulation• It is shown that the

sophisticated orthogonal systems offer only
3 to 5 db advantage at a cost of greatly

increased system complexity•

TRUNK TERMINAL TELEGRAPH AND DATA
TRANSMISSION SYSTEM

H. Place, et al., ITT Federal Labs., Nutley,
N. J., July 1961, 135 p., AD430 081.

A number of high speed data transmission
equipments (data modems), which were in the
development and early test stages eighteen
months ago, are now available in the industry.
Several modems have proved reliable and

practical when operated at signaling rates in
the order of 2400 bits per second. Char-
acteristics of telephone transmission line
parameters and certain vagaries of the tele-
phone network itself are still restricting low-
error, high reliability performance at
signaling rates over 3000 bits per second.

• . . progress made during the past eighteen
months in data modem development and
manufacture .... detailed equipment
descriptions covering ten leading data modems;
data modem error performance test results;

ancillary data transmission equipments; and
an updated data transmission bibliography•

ON THE OPTIMUM DETECTION OF
DIGITAL SIGNALS IN THE PRESENCE
OF WHITE GAUSSIAN NOISE--A GEO-
METRIC INTERPRETATION AND A

STUDY OF THREE BASIC DATA
TRANSMISSION SYSTEMS

E. Arthurs, et al., IRE Trans. Commun.
Syst., vol. CS-10, no. 4, Dec. 1962,
p. 336/372.
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• . . m-level Phase Shift Keyed, m-level

Amplitude Shift Keyed and m-level Frequency

Shift Keyed• Corresponding probability of error

curves are derived, compared and discussed
with reasonable detail ....

INVESTIGATION OF DIGITAL DATA COMMU-

NICATION SYSTEMS (PHASE 2 REPORT)

H. D. Becker, et al., Cornell Aeronautical Lab.,

Inc., Buffalo, N. Y., Rept. for Jan. 1961-

Jan. 1962, (Rept. no. UA-1420-S-2), (RADC

TDR 62-134), 20 Feb. 1962, 311 p. incl. illus.,
refs., AD 276 847.

• . . analysis of the degradation of the perform-

ance of noncoherent binary FSK and carrier

keyed systems due to a frequency offset of the

received signal. The optimization of systems

operating over dispersive channels in the presence
of nonwhite, gaussian noise is treated and the

effects of mediumphase perturbations on the

performance of digital systems are analyzed.

Partial orderings of digital channels specified by

their transition probabilities are also investigated•

SURVEY OF DIGITAL COMMUNICATIONS

C. A. Deutschle, Hughes Aircraft Co., Culver

City, Calif. Rept. on 480L System, (Rept. no.

TR-1), (ESD TDR 62-158), 15 April 1961,

386 p., incl. illus, tables, 7 refs., AD 277
176.

Discrete message types• . . Transmission

requirements and techniques• . . Cryptography
• . . Transmission media• . . Error control• . .

Comparative evaluations...

AN ANALYSIS OF CASCADED BINARY

COMMUNICATION LINKS

H. D. Goldman, et al., IRE Trans. Commun.

Syst., vol. CS-10, no. 3, Sept. 1962,

p. 291/299.

• . . the error probabilities of cascaded links

have been found for the following modulation

techniques:

1) Coherent phase-shift keying (CPSK)

2) Coherent frequency-shift Keying (CFSK)

3) Coherent carrier keying (CCK)

4) Noncoherent frequency-shift keying (NCFSK)

5) Differentially coherent phase-shift keying

(DCPSK) . . .

ON COMPARING THE MODULATION SYSTEMS

J. C. Hancock, Proc. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 45/50.

INFORMATION TRANSFER EFFICIENCY OF

WIDEBAND COMMUNICATION SYSTEMS.

PART I. INFORMATION EFFICIENCY OF

BINARY COMMUNICATION SYSTEMS

J. C. Hancock, et al., Purdue U. School of

Electrical Engineering, Lafayette, Ind. Tech.

rept. on Improved Information Transfer

Efficiency of Wideband Systems, (ASD TDR

62-611, pt. 1), 121 p., July 1962, incl. illus.,

tables, 18 refs., AD 284 450.

• • . conventional binary systems are
analyzed .... Performance curves showing

information efficiency and probability of error

as functions of S/N are given. A similar

analysis is given for a group of matched filter

systems which includes both coherent and non-

coherent matched filter detection of amplitude

and frequency shift keyed signals.

INFORMATION TRANSFER EFFICIENCY

OF WIDEBAND COMMUNICATION

SYSTEMS. PART IIo BINARY COMMU-

NICATIONS SYSTEMS USING WIDEBAND

SIGNALS

J. C. Hancock, et al., Purdue U. School of

Electrical Engineering, Lafayette, Ind.,

Final teeh. rept., June 1961-June 1962

on Improved Information transfer Efficiency

of Wideband Systems, (ASD TDR 62-611,

pt. 2), July 1962, 151 p., incl. illus.,

16 refs, AD 284 451.

• . . The analysis of binary systems

(using a signal-space concept) . . . The

application of linear receivers... Non-

linear receivers• . . Time compression

methods... Adaptive receivers.

DIGITAL COMMUNICATION STUDIES.

PART I. COMPARATIVE PROBABILITY

OF ERROR AND CHANNEL CAPACITY.

PART II. ASYNCHRONOUS TIME-

MULTIPLEXING OF MULTICHANNEL

SPEECH SOURCES.

M. P. Ristenbatt, et al., Office of Research

Administration, U. of Michigan, Ann Arbor,

(Tech. rept. no. 133; Rept. no. 4251-2-T),

March 1962, 128 p., incl. illus., tables,

41 refs., AD 275 480.

• . . M-cry bi-orthogonal signals are
deemed best for low S/N if probability of

error is stringent. Binary and M-phase

signals appear best for medium and large

S/N. This treatment should help structure

the selection of modulation and coding methods

for proposed communication systems ....

THE RELATIVE EFFICIENCIES OF VARIOUS

BINARY DETECTION SYSTEMS

R. O. Rowlands, IRE Internat. Cony. Rec.

Pt. 4, vol. 10, March 1962, p. 185/189.

. . . Five common binary detection systems

are analyzed and formulas are derived for the

signal-to-noise ratios required to give the

same probabilities of error in each system•

The effects of varying the duration of the signal
and the bandwidth of the noise are discussed

for each system, and the region is defined
within which the detectability of the signal is

improved by clipping ....

414



1. 830
i

COMPARATIVE PERFORMANCE OF DIGITAL

DATA TRANSMISSION SYSTEMS IN THE

PRESENCE OF CW INTERFERENCE

F•G. Splitt, IRE Internat. Cony• Rec•, Pt• 8,

vol• 10, March 1962, p• 72/81.

• . . The performance of differential phase-

shift, coherent phase-shift, amplitude keyed,

frequency shift and time-shift binary digital data

transmissions is determined ....

(No Title)

J.J. Tsimbidis, Motorola, Inc., Chicago Ill.,

Quarterly progress repto no. 3, 11 March-

10 June 1962, 10 June 1962, iv., incl.

illus., tables, AD 282 947.

Results obtained in back-to-back white

noise testing of the various modems • . .

Problems of crosstalk and transmission levels

encountered in the AN/TCC-7 white noise tests

are also discussed. Controlled impulse noise
tests were conducted .... results show . . .

the vsb modem is the most susceptible to impulse

noise .... A system for recording impulses

encountered in field testing and how it may help

in the study of data transmission is discussed•

The amplitude and delay characteristics of the

AN/VRC-12 radio set are presented in graphical

form .... Noise quieting curves of the AN/

TRC-24 radio set are discussed and the

performance of the various modems over the

radio set operating near and on the FM threshold

is reported• The results of field cable testing of

the modems are presented in tabulated form with

a more detailed discussion of hits and drop outs
in this transmission link.

ON COMPARING N-ARY SYSTEMS

(Correspondence )

J.K• Wolf, IRE Trans. Commun. Systems,

vol. CS-10, No. 2, June 1962, p. 216/217•

• • . when comparing transmission systems
with alphabets of various sizes, a comparison of

the probabilities of error per character is not

• . • easily interpreted .... The purpose of

this note is to illustrate one surprising result

• . . it will be shown that the relative per-

formance of the systems may depend upon the

size of the information alphabet for which the

error probabilities are computed and then com-

pared ....

THE THEORETICAL COMPARISON OF THREE

DIGITAL SYSTEMS FOR SPACE TELE-

METRY (In French}

J. Dupraz, Onde Electr., vol. 43, no• 432,
March 1963, p. 298/310.

• . . theoretical comparison of three digital

systems . • . relate the orthogonal binary codes

of which the possibilities have recently been
discovered . . . to the PCM non-redundant code

• • . results of the theory of statistical detection

• . . techniques of demodulation• . . criterion

used for comparison is the efficiency coefficient /_

as defined by Sanders . . • derive the advantages

and disadvantages of orthogonal codes. This

allows a considerable increase in the range of

the circuit for a given radiated power but at the

cost of a considerable increase in the bandwidth•

RELIABILITY IMPROVEMENT OF DIGITAL

COMMUNICATION USING REDUNDANCY IN

UNCERTAINTY REGION RECEPTION

L. Kurz, New York U. Coll. of Engineering,

N.Y. Scientific rept. no. 13, AFCRL Rept.

no. 63 187, June 1963, 78p., TRno• 40077,
AD 414 370.

• . . it is shown that communication links us-

ing orthogonal digit coding afford greater

reliability than corresponding links using binary

digit coding ....

TRANSMISSION OF NUMERICAL INFORMATION

(In French)

M. Poliet, Onde Electr., vol. 43, no. 431,

Feb. 1963, p. 106/116.

• . . flexibility and many applications of trans-

mission systems using numerically coded data

• . . development of these systems . . . because

of the development of transistors which by their
size and their characteristics make it possible

to construct small devices•

DATA TRANSMISSION FOR MILITARY COM-

MUNICATION: PARAMETERS AND

CAPABILITIES

J. Polyzou, IEEE Trans. Commun. Syst.,
vol. CS-11, no. 4, Dec. 1963, p. 454/464,

40 refs.

• . . a difficult problem for system designers

because there are so many different types of

communications facilities with widely differing
characteristics which must be considered• Addi-

tionally, the system designer must consider the

type of digital data modulation which best serves

his purposes, the economics of the various ap-

proaches and a host of related problems such as

clocking, synchronization, standardization, etc.

• . . discussion.., includes delay distortion,

noise, multipath distortion, bandwidth and ampli-

tude response, transmit level, level variations,

frequency translation errors, synchronization,

standardization, cost considerations and facilities

characteristics ....
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DATA TRANSMISSION INVESTIGATION

R.F. Salava, Quarterly progress rept. no. 3,

ii March 1963-i0 June 1963, Rept. no. 7,

i0 June 1963, 38 p., AD 417 754.

Field test results of various modems operat-

ing over the AN/VRC-12 radio set are presented.

Map profiles of each data lird< are shown and the

average error rates are given for digital data

transmission at rates from 300 to 4800 bps.

Photographs of the frequency spectra generated

by each modem at their various bit rates are

presented and used to discuss the relative
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bandwidthrequirementsof themodems•The
performanceof theFSK(AN/TYC-1,XC-2),
Di-1)haseandQuad-phasemodemsin
thepresenceofacontrolledimpulsenoisetest
whileoperatingat1200bpsis showningraphical
form. A multi-frequencymodemisbeing
constructedfor theHFdatatransmissionstudy
phaseofthecontract.Themodemwillhavethe
capabilityof 18bitratesandwillbeusedinthe
investigationoftheshortrangeHFdatatransmis-
sion.Systemblockdiagramsofthemulti-
frequencymodemarepresentedandtheperform-
anceoftheclockgeneratorandclockrecovery
circuitsisdiscussed.Thelimitsofthecode's
error correctinganddetectingcapabilityare
shown,andthecode'sperformancewhenthese
capabilitiesareexceeded...

DATATRANSMISSIONINVESTIGATION
R. F. Salava,Motorola,Inc.,Chicago,Ill.

Quarterlyprogressrept.,no.5, 11Sept.-
10Dec.1963,Rept.no.9, 10Dec.1963,
AD43O726.

• . . ThedigitalEneoderanddigitalDecoder
constructedfortheprogramarediscussed...
Uniqueimplementationinthedecodergivesthe
systemthecapabilityofprovidingalargenumber
ofcycliccodes•

UNIFIEDANALYSISOFCERTAINCOHERENT
ANDNONCOHERENTBINARYCOMMU-
NICATIONSSYSTEMS

S.Stein,IEEETrans.Inform.Th.,vol. IT-10,
no.1,Jan.1964,p. 43/51.

ONCOMPARINGDIGITALSYSTEMS
(Correspondence)

W.J. Walbesser,IEEETrans.Commun.Syst.,
vol. CS-ll, no.2,June1963,p. 247/249•

Related Publications:

RELIABLE FAIL-SAFE BINARY COMMUNICA-
TIONS

J. J. Metzner, et al., IRE Wescon Cony. Record,

vol. 4, Part 5, 1960, p. 192/206•

FREQUENCY ERROR EFFECTS ON A BINARY

COMMUNICATION SYSTEM UTILIZING
COHERENT INTEGRATORS

H. J. Juda, et al., Nat. Commun. Symp. Rec.,

vol. 7, Oct. 1961, p. 247/253•

A METHOD OF DIGITAL SIGNALLING IN THE

PRESENCE OF ADDITIVE GAUSSIAN NOISE

L. Kurz, IRE Trans. Inform• Th., vol. IT-7,

no. 4, Oct. 1961, p. 215/223, 23 refs.

DATA TRANSMISSION OVER A NOISY GAUSSIAN

CHANNEL (In Swedish)

L. H. Zetterberg, K. Tekn. Hogsk. Handle,

no. 184, 1961, 87 p., 46 refs.

• . . A binary coded 2-signal system is

compared with a system using error-correcting
codes, and also with a multi-signal system, the

systems being rates according to the tolerated
noise level.
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SIMPLE DELTA MODULATION SYSTEM

F. W. Arter, Proc• Instn. Radio Engrs.,

Australia, vol. 23, no. 9, Sept. 1962,
p. 517/523.

The transmission performance of coded

pulse modulation systems in the presence
of high levels of channel noise is discussed

and Delta Modulation systems are compared

briefly with Pulse Code Modulation systems.

The design of an experimental Delt0

Modulation system for speech transmission

is presented for a required set of perform-

ance specifications. A feature of the system

is its fully transistorized circuitry ....

INTRODUCTION TO AEROSPACE VEHICULAR

DIGITAL COMMUNICATIONS

L. B. Hallman, Jr., IRE Trans. Aerospace
Navig. Electronics, vol. ANE-9, no. 2,

June 1962, p. 57.

• . . papers contained in this issue of the

IRE Transactions on Aerospace and

Navigational Electronics...

A METHOD OF DIGITAL SIGNALLING IN

THE PRESENCE OF ADDITIVE GAUSSIAN

AND IMPULSIVE NOISE

L. Kurz, IRE Intern. Cony. Ree., Pt. 4,

vol. 4, March 1962, p. 161/173.

PULSE-FREQUENCY MODULATION

R. W. Rochelle, IRE Trans. Spaec

Electronics Telemetry, vol. SET-8,

no. 2, June 1962, p. 107/111.

• • . R is shown that PFM with quantized
frequencies has the same communication

efficiency in the presence of additive white

Gaussian noise as a corresponding set of

coded binary sequences with an equal number
of quantized levels ....

CONDITIONS FOR OPTIMUM DIGITAL

COMMUNICATIONS WITH APPLICATION
TO DELTA MODULATION

T. Fine, Cruft Lab., Harvard U., Cambridge,

Mass., TR399, 5 March 1963, 39p.,
AD 405 053.

• . . binary communication systems...

DEMODULATION AND DETECTION

EFFICIENCY OF AN UNCODED,

COHERENT, BIORTHOGONAL DIGITAL
CHANNEL IN GAUSSIAN NOISE

G. L. Fultz, JPL Space Progr. Summ.,

vol. 4, no. 37-21, April/May 1963,

p. 204/210.

In uncoded, coherent subcarrier communi-

cation systems, data is usually demodulated

from the subcarrier by multiplying the

received subcarrier with a locally generated

reference and then detecting the data with a

matched filter .... From the results of the

• . . discussion, the data demodulation and

detection efficiency of the Mariner 2 demodulator
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wasquestionedandsubsequentlyanalyzed.The
resultsoftheinvestigationarepresentedbelow•
SIGNALINGWITHFREQUENCY-SHIFT-KEYED

COSINEWAVES
E.D. Hanson,etal., ArmyElectronicsResearch

&DevelopmentLabs.,FortMonmouth,N.J.,
AERDLTR2363,Nov.1963,21p.,
AD436824.

A veryefficientbinarysignalingtechnique
(fromthestandpointofbandwidthutilization)is
described•Thepowerdensityspectrum•. .
comparedwiththatofsinusoidaldiphaseand
rectangulardiphase....

ADAPTIVETECHNIQUESFORTHEOPTIMIZA-
TIONOFBINARYDETECTIONSYSTEMS

H.J. Kushner,IEEEInternat.Conv.Rec•,Pt. 4,
vol. 11,March1963,p. 107/117.

PRINCIPLESOFSYSTEMATICCODINGFOR
ERRORCORRECTION

B.W.Russell,ElectronicWarfareDiv.,Air
ForceAvionicsLab.,AeronauticalSystem
Div., Wright-PattersonAir ForceBase,
Ohio,Rept.forJan.1962-March1963,
ASDTDR63439,June1963,36p.,
AD411767.

Section 1.84

• . . an elementary discussion of the

principles of systematic, or "group" binary

codes as used in digital type communications

systems .... The problem of comparing

the information transfer efficiency of coded
and uncoded systems is considered and quanti-

tative results are given for a couple of simple
short codes.

CONDITIONS OF MAXIMUM NOISE

IMMUNITY OF SYSTEMS WITH ACTIVE

SPACING INTERVAL AND INDETER-

MINATE SIGNAL PHASE

I. A. Tsikin, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 7, July 1963,

p. 1/11.

• . . The hypothesis that orthogonal

systems, in the wide sense, ensure

maximum noise immunity in a channel with

indeterminate signal phase in the presence

of additive fluctuation noise was first advanced

by L. M. Fink... A rigorous proof of this

statement is given for the special case of

binary systems with Rayleigh fading of the

signal. Considerations are also developed

for optimum choice of signals with non-

Rayleigh fading and for the noise immunity

of multiposition systems ....

1. 840: Comparison of Modulation Systems Operating Over Line Communications Facilities

Included: Comparison ofmodulationmethods for non-Gaussian channels; Comparison of modulation

methods operating over voice channels; (_omparison of modulation methods over cascaded channels;

Comparison of phase shift keying with frequency shift keying over telephone lines.

Not Included: Multiplex systems (2); Error correction coding (2); Adaptive communications systems
(2).

Cross References: Channel characteristics of voice channel facilities (Sect. 1.65); Pulsive noise in

communications channels (1. 743).

Principal Publications:

CAPABILITIES OF THE TELEPHONE NETWORK

FOR DATA TRANSMISSION

A.A. Alexander, et al., Bell Syst. Tech. J.,

vol. 39, no. 3, May 1960, p° 431/476•

PHONE LINE DIGITAL TRANSMISSION STUDY

Hughes Aircraft Co., Culver City, Calif.,

(RADC TR 60-153), Sept. 1960, 240 p.,
AD 244 193.

This paper presents the results of a nation-

wide data transmission field testing program

on the telephone switched message network.

Error performance using the FM digital sub-
set is described and basic transmission

characteristics such as net loss, bandwidth,

envelope delay and noise are given.

DATA TRANSMISSION OVER STANDARD VOICE

COMMUNICATION FACILITIES

H. Fiege-Kollmann, Proc. Nat. Commun.

Symp., vol. 6, Oct. 1960, p. 223/232.

• . . The system described is based upon

application of waveshapes. Practical per-

formance in both white and impulsive noise will

be discussed . . . certain properties of

telephone circuits will be outlined in statistical

presentation . . .

An experimental and theoretical study

program was undertaken to determine the
characteristics of wireline circuits and

equipments and their joint capability for sup-

porting data transmission. Initially, the trans-

mission characteristics of a variety of basic
circuits and their combinations are detailed

in terms of their attenuation-frequency re-

sponse and their envelope delay-frequency

response. The merits of equalization are

considered .... Frequency stability, gain

stability, compandor effects, echo, crosstalk

and noise, and impulse noise are considered in

turn. The subject of modulation (and data

modems) is discussed and relative performance

evaluated• The subject of error control by means

of coding techniques is treated, and a representative

417
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transmission problem discussed to demonstrate

application of such techniques. Lastly, the

economic aspects of a sample facility are con-
sidered in some detail.

EFFECTS OF IMPULSE NOISE ON DIGITAL

DATA TRANSMISSION

A. B. Bodonyi, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.,

Master's thesis, (Research rept. no. PIBMRI-

975-61), 11 Dec. 1961, 23 p., illus., 14 refs.,
AD 285 511.

• . . basic characteristics of impulse noise

and effects of impulse noise on various types of

binary data transmission systems . . . method

• . . for the experimental comparative evaluation

of bit error rates in presence of additive im-

pulsive noise .... three modulation schemes

tested, namely on/off carrier, frequency shift

and diphase (phase reversal keying, with

coherent detection) .... conclusions . . .

(1) The choice of modulation scheme has a lot

greater effect on the overall error rates in

presence of impulse noise than it does for the

gaussian case. (2) The simple error-detecting

and error-correcting systems, designed to

combat the effects of gaussian noise, can be
utilized only to a fraction of their theoretical

advantage in case of impulse noise. (3) The
best results can be obtained from the coherent

PSK system at high signal-to-noise ratios.

FREQUENCY-SHIFT MODULATION OF BINARY-

CODED SIGNALS FOR TRANSMISSION OVER

TELEPttONE CIRCUITS

M. Jeppsson, Elect. Commun., vol. 37, no. 2,

1961, p. 103/116.

TRANSMISSION OF DATA OVER TELEPHONE-

TYPE CIRCUITS

W. T. Jones, Elect. Commun., vol. 37, no. 2,

1961, p. 87/102.

PULSE TRANSMISSION BY AM, FM AND PM IN

THE PRESENCE OF PHASE DISTORTION

E. D. Sunde, Bell Syst. Tech. J., vol. 40, no.

2, March 1961, p. 353/422•

SOME RESULTS OF DATA TRANSMISSION

TESTS OVER LEASED TE LE PHONE

CIRCUITS

G.A. Wildhagen, IRE Trans. Commun. Syst. ,

vol. CS-9, no. 3, Sept. 1961, p. 271/275.

• . . using two different sets of terminal

equipments• The first applied phase-reversal

modulation (PM), the second, frequency-shift
keying (FSK). The transmission speeds were

750 or 1625 baud in the former and 750 or 1500

baud in the latter case. Nine different circuits,

having an average length of 980 km, were tested

COMPARISON OF TIlE NOISE STABILITY OF

RECEIVERS OF SIGNALS WITII FREQUENCY

AND SINGLE BAND MODULATION FOR

FLUCTUATING NOISE

N.G. Zubchenko, Telecommunications, no. 7,

Dec. 1961, p. 830/833.
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DATA LINE TECHNIQUES

Armour Research Foundation, Chicago, Ill.,

1 April 1961, 458 p., 62 refs., AD 263 144.

• . . a review of pertinent theoretical material

and a survey of wire line digital communication

techniques to support suggestions for improving
channel utilization. Increased utilization dictates

the use of longer code elements in terms of time-

bandwidth units, extensive terminal line equaliza-

tion, and anti-impulse noise techniques. The

theoretically optimum encoding-decoding systems
based on performance are multilevel differentially

coherent PSK (phase shift keyed).

CONSIDERATIONS IN THE CHOICE OF THE

OPTIMUM DATA TRANSMISSION SYSTEMS

FOR USE OVER TELEPHONE CIRCUITS

A.P. Clark, J. Brit. Instn. Radio Engrs. ,

May 1962, p. 331/355.

A COMPARISON OF THE MERITS OF PHASE

AND FREQUENCY MODULATION FOR

MEDIUM SPEED SERIAL BINARY DIGITAL

DATA TRANSMISSION OVER TE LEPHONE

LINES

F.G. Jenks, et al., J. Brit. Instn. Radio Engrs.,

vol. 24, no. 1, July 1962, p. 21/36, 12 refs.

• . . This paper indicates briefly why phase

and frequency modulation are the best alterna-

tives for general use and then examines in detail
the relative merits of these two methods of

modulation. The conclusions drawn from this

study have been substantiated by measurements

of error rate carried out on a number of p. m.

and f.m. receivers working under conditions

where comparisons could validly be made

. . . It is clearly shown that phase modulation

has significant advantages over frequency modu-

lation in the data transmission application.

DATA TRANSMISSION INVESTIGATION

J.J. Tsimbidis, Motorola, Inc., Chicago,

Ill., Quarterly progress rept. no. 3, 11

March-10 June 1962, 10 June 1962, lv. ,

incl. illus., tables, AD 282 947.

Results obtained in back-to-back white noise

testing of the various modems . . . Problems of

cross_7,1k and transmission levels encountered in

the AN/TCC-7 white noise tests are also dis-

cussed. Controlled impulse noise tests were
conducted .... results show . . . the vsb

modem is the most susceptible to impulse noise•

• . . A system for recording impulses en-

countered in field testing and how it may help in
the study of data transmission is discussed. The

amplitude and delay characteristics of the AN/

VRC-12 radio set are presented in gTaphical

form .... Noise quieting curves of the AN/

TRC-24 radio set are discussed and the per-

formance of the various modems over the radio

set operating near and on the FM threshold is

reported. The results of field cable testing of

the modems are presented in the tabulated form

with a more detailed discussion of hits and drop
outs in this transmission link.
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DATATRANSMISSIONINVESTIGATION
J.J. Tsimbidis,Motorola,Inc.,Chicago,Ill.,

Quarterlyprogressrept.no.4, ii June-
i0 Sept.1962,I0 Sept.1962,35p., incl.
illus, tables,AD290754.

Whitenoisetestswereperformedonthedi-
phasemodemat600and1200bps. Performance

of an AN/TYC-I (SC-2) over the AN/TCC-7 in

the presence of white noise was also evaluated and

the results of these tests are presented in

graphical form. Performance tests of the modems

operating over the AN/TCC-44 time multiplex
communications link were initiated• Tests of

modem operation over tandem channels of the AN/

TCC-7 were completed• The tests of modem

compatibility with an AN/VRC-12 radio link setup

in the laboratory were completed .... The

channel characteristics of an AN/TCC-7 system

connected through an AN/TRC-7 cable system were
also continued.

ERROR STATISTICS AND CODING FOR DIGITAL

DATA TRANSMISSION OVER TELEPHONE

AND TELETYPE CIRCUITS (Correspondence)
A.B. Fontaine, Proc. IEEE, vol. 51, no. 3,

March 1963, p. 474/475.

• . . in an earlier paper where four data sys-

tems, A-l, CTDS, Kineplex and Milgo, were used
to collect over 2000 hours of error data with toll-

grade, private microwave and K-carrier telephone
circuits . . . additional data presented here are

for two 60-wpm teletype circuits and for two 1200-

bit/s telephone circuits; one is a forward propaga-

tion tropospheric scatter circuit in Alaska and the

other a private wire service in the United Kingdom.

THE TELEPHONE CHANNEL CAPACITY OF

TRANSMISSION LINES

D.A. Gray, Proc. Instn. Radio Engrs.,

Australia, vol. 24, no. 7, July 1963,
p. 583/589.

The attenuation of transmission lines used

for telephone transmission varies very nearly

as the square root of frequency . . . In this
paper the maximum number of telephone

channels which can be obtained on such a line

using AM-FDM, FM-FDM, and PCM-TDM is
calculated as a function of line attenuation at

a reference frequency, transmitted power

level, and signal-to-noise ratio• At moderate

and high transmitting levels SSB-AM usually

permits the greatest number of channels to be
derived ....

RESULTS OF DATA TRANSMISSION TESTS OVER

TELEPHONE LINKS (In French)

J. Labeyrie, Onde Electr. vol. 43, no. 431,

Feb. 1963, p. 94/105•

• • . outlines the results of data transmission

tests which have been carried out under the

direction or with the cooperation of the C. N. E. T. ,

over both normal and special telephone links.

419

• . . statistical analysis of recordings . . . pat-
tern of errors (interval between errors, size of

error groups, interval between erroneous blocks

of numbers, etc. ).

DATA TRANSMISSION INVESTIGATION

R.F. Salava, Motorola, Inc., Chicago, Ill.,

Quarterly progress rept. no. 4, Rept. no.

8., 11 June-10 Sept. 1963, 10 Sept. 1963,
1 v., AD 424 183.

Experimental results . . . over existing mili-

tary voice communication systems . . . error

rates are given for various field conditions . . .

various modulation techniques such as FSK,

diphase and quad-phase modulation were tested
over these communication links . . . include

white noise, impulse noise, and frequency trans-

lation tests . . . photographs of the spectra

generated by the modems at their various bit rates

(150 to 4800 bps) are presented and used to discuss

the bandwidth requirements of each modem.

PAM, PDM, AND PCM TECHNIQUES IN
APPLICATION TO DIGITAL TELEMETRY

ON VOICE BANDWIDTH FACILITIES

C. Yanis, et al., IEEE Trans. Commun. Elec-

tronics, no. 66, May 1963, p. 139/151.

• . . The requirements of these telemetry modes
in terms of line conditions, tone equipment, and

terminal equipment is examined. Conclusions

are reached regarding adaptability to high speed,

multiplexing, and hardware requirements.

INTERSTATION DATA. TRANSMISSION STUDY

Philco Corp., Palo Alto, California, Final rept.,

(Rept. no. WDL-TR2017), 28 Feb. 1963, 1v.,
incl. illus., tables, AD 297 409.

• . . equipment to transmit data through a

single voice channel .... requirements placed

on transmission medium, transmission rates,

equalization provided, size, weight, prime power

requirement .... media include: wire lines,

HF radio, microwave line of sight, and the

various scatter propagation techifiques .... re-

liability, error rate, and availability. Error de-
tection and error correction for both white noise

and burst error interference are considered• It

is concluded that long word codes (100-500 bits)

with error detection is the most promising

technique, but that a feedback path is required.

Related Publications:

HIGtI-SPEED TRANSMISSION OF NUMERICAL

DATA OVER TELEPHONE CHANNELS

A. Girinsky, et al., Elect. Commun., vol. 36,

no. 4, 1960, p. 248/262.

• . . information is transmitted in the form of

binary digits . . . equipments that adjust the

speed of transmission to the characteristics of
the transmission network .... There is no
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direct-currentcomponentin thesignalingcode
thatwouldbelostinpassingthrougharepeater
or transformer.... thereceiverisauto-
maticallysynchronizedbythetransmittertopro-
videgoodreliabilityandreadyadaptabilitytoall
typesoftelephonesystems....
ONTHEDETECTIONOFSTOCHASTICSIGNALS

INADDITIVENORMALNOISE
D. Middleton,Lincoln.Lab.,MIT,Lexington,

28Dec.1960,AD250287.

OptimumdetectionofFSKandon-offnormal
noisebackgroundsisexamined.... Alsoin-
cludedinthepresentstudyis ageneraltreat-
mentofcolored-noisebackgrounds. . .

SOMERESULTSONTHEEFFECTIVENESSOF
ERROR-CONTROLPROCEDURESINDIGITAL
DATATRANSMISSION

W.R.Bennett,IRETrans.Commun.Syst.,vol.
CS-9,March1961,p. 58/65.

• . . Emphasishasbeenplacedontherecur-
rentcodes,whensubjectedtoactualerrorscol-
lectedfromData-Phonetestcalls . . .

ERRORSTATISTICSANDCODINGFORBINARY
TRANSMISSIONOVERTELEPHONECIRCUITS

A.B. Fontaine,etal., Proc.IRE,vol.49,
no.6, June1961,p. 1059/1065.

A HIGHLYVERSATILECORRECTOROFDIS-
TORTIONANDIMPULSENOISE

E.D.Gibson,Proc.Nat.ElectronicsConf.,
vol.17,Oct.1961,p. 343.

• . . Adeviceatthereceivingstationcor-
rectsbothamplitudeanddelaydistortion.This
deviceis continuouslyandeasilyadjustableand
muchmoreaccurate,ingeneral,thanconven-
tionalequalizers•

• . . utilizesa"scrambler"(orpredistorter)
• . . calledtheISIC(Inter-SymbolInterference
Corrector)andafixed,"smear"filter• The
deseramblerconsistsofanotherISICanda"de-
smear"filter•

A METtlODOFDIGITALSIGNALLINGINTHE
PRESENCEOFADDITIVEGAUSSIAN
NOISE

L. Kurz,IRETrans.Inform.Th.,vol.IT-7,
no.4, Oct.1961,p. 215/223,23refs•
• . . thetheoryo_equidistantandnearlyequi-

distantcodesis extendedtothecaseofnonwhite
Gaussiannoise•It is shownthatefficientcodes
performbetterthanequidistantcodesif thenoise
is nonwhite;i.e., properlychosenwaveformsare
moreefficientthanbinarycoding....
DATASYSTEMTESTSUSINGSIMULATED

TRANSMISSIONIMPAIRMENTS
F.T.Andrews,Jr., Commun.Electronics,

vol.80,no.58,Jan.1962,p. 590/596.

• . . Thistestequipment,togetherwith
conventionalrandom-datasignalgeneratorsand
errorcomparators,makespossiblethe
evaluationofdatasystemswithawiderangeof
transmissioncharacteristics....
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ANAMVESTIGIALSIDEBANDDATATRANS-
MISSIONSETUSINGSYNCHRONOUS
DETECTIONFORSERIALTRANSMISSION
UPTO3,000BITSPERSECOND

F.K. Becket,etal., Commun.Electronics,
vol.81,no.60,May1962,p. 97/101.

• . . appearstobeeconomicallyadvantageous
whencomparedwithothersystemsofthesame
speedcapability....

THESTABILITYOFA FREQUENCYREMOTE
CONTROLSYSTEMINTHEPRESENCEOF
PULSENOISE

Yu.I. Chugin,ForeignTeeh.Div., Air Force
SystemsCommand,Wright-PattersonAir
Force,Base,Ohio,(Trans.no.FTD-TT-
62-636fromAvtomatikai Telemekhanika,
23:2,p. 222/241,1962,10May1962,33p.,
incl. illus., AD286132.

Thestabilityofafrequencyremotecontrol
systemundertheactionpulsenoisewithaknown
lawofamplitudedistributionis determined•The
influenceofthestructureandparametersofa
receiveruponits noisestabilityis investigated•
Amethodis examinedforcalculatingthenoise
statilityofcodeswithseriesandparalleltrans-
missionofsubcarriers....

COBIDATATRANSMISSIONTESTINGINTItE
UNITEDKINGDOM

P.L. Grant,LincolnLab.,Mass.Inst.of
Tech.,Lexington,(Rept.no.25G-8),
(AFESDTDR62-82),27March1962,20p.,
incl.illus., 2refs.,AD275152.
• . . summarizesthedataobtainedduring

themeasurementofthecodedbiphase(COBI)
datatransmissionmodemovertheprivatewire
servicesintheUnitedKingdom....
A METIlODOFDIGITALSIGNALLINGINTIlE

PRESENCEOFADDITIVEGAUSSIANAND
IMPULSIVENOISE

L. Kurz,IREInternat.Conv.Rec.,Pt.4,
vol.4, March1962,p. 161/173.

• . . Basically,it isshownthatsubdividing
thedecisioninterval(O,T)andcodingeachsub-
intervalusingoptimumwaveformsisamore
efficientmethodofcombattingtheimpulsenoise
thanusingoptimumwaveformsinthefull de-
cisioninterval.... Anon-lineardetector
suppressesthecontributionsofsubintervalswith
impulsivenoise- i.e., thedecisionatthere-
ceiverisessentiallybasedonthesubintervals
withnoimpulsivenoise.... theconceptofan
idealdiscardingdetectoris introduced.

EXPERIMENTALDATATRANSMISSIONSYSTEM
FORSWITCHEDTELEPItONELINES

II. Marko,etal., Elect•Commun., vol.37,
no.3, 1962,p. 238/251.

• . . thesystemmustbeabletocopewith
noisecausedbyrotaryselectorsaswellaswith
short-timeinterruptionsnotuncommonincar-
rier-systemchannels.... Thereturnpath
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ofthe{basicallyduplex)telephonelinecanbe
utilizedforbackwardsignals,suchasproceed
tosendorrepeat.... Frequencymodulation
hasbeenfavoredbecauseofits simplicityof
equipmentandadjustmentandtheminoreffects
ofchangesinsignal-to-noiseratio....
THEESTIMATIONPROBLEMINNULL-ZONE

RECEPTIONFEEDBACKSYSTEMS
J.J. Metzner,ct al., NewYorkU., Coll.of

Engineering,N.Y., (Scientificrept.no.11),
(AFCRL62-742),15Aug.1962,137p.,
incl.illus., tables,26refs., AD290325.

Whensignal-strengthcorrelationis appreci-
ableoverasfewastendigits,overallsystem-
performanceis onlyslightlylessefficientthan
wouldbeattainedwithexactknowledgeofthe
channelconditions.Methodsofminimizingthe
undesirableeffectsofimpulsiveandburst-type
noisearediscussed.

ONTHEUSEFULNESSOFSIGNALDESIGN
TECHNIQUESINADAPTIVETELEMETRY
LINKS

J.C.Hancock,etal., Proc.Internat.Telem.
Conf.,vol. 1, Sept.1963,p. 322/327.

• . . Applyingsignaldesignconceptsto
eliminateintersymbolinterferenceinacom-
municationchannelentailsaprioriknowledge
oftheimpulseresponseofthechannel,and
thisin itselfis amajortaskfor mosttime

varyinglinks.... wefirst investigatethe
advantagesofsignaldesigntechniquesif this
aprioriinformationis known....

ROTATIONALTRANSFORMATIONOFSIGNALS
G.R.Lang,IEEETrans.Inform.Th., IT-9,

no.3, July1963,p. 191/198.

Acodingprocedurebasedonarotational
transformationis appliedtoreducetheeffect
ofnon-Gaussianimpulsenoiseinsampleddata
communicationsystems.Themethod,anear
relativeofthesmearingtechniqueswhichhave
beensuggestedrecentlyfor continuoussystems
• . .

AN EXPERIMENTAL COMPARISON OF SOME

ERROR-DETECTING CODES

J.N. Prewett, et al., Proc. Internat. Telem.

Conf., vol. 1, Sept. 1963, p. 423/431.

. . . The effectiveness of these error-detect-

ing codes is compared by simultaneous trans-
mission over 200 miles of rented G. P.O. tele-

phone line. A constant-ratio code, a row-and-

column parity code and a multi-diagonal-parity

code are built into a 128-digit message. Both

f.m. and p.m. systems are used at 750 bauds.

The results are collected on punched paper tape

and analyzed by computer .... The results

show that whilst constant-ratio codes may be
adequate for 50 bauds, more elaborate schemes

are required at higher speeds ....

Section 1.85

1. 850: Comparison of Modulation Systems Operating over Radio Facilities

Included: Comparison of modulation systems over fading channels; Comparison of modulation

systems over multipath circuits; Comparison of modulation systems under heavy interference;
Comparison of modulation systems over time variant channels; Comparison of modulation

systems over doppler shifting channels.

Not Included: Adaptive communications techniques (2); Anti-multipath communications systems

(2); Variable rate data transmission systems (2); Diversity reception techniques (2).

Cross References: Characteristics of point-to-point radio channels (Sect• 1.66); Characteristics

of HF channels (1. 644); Analysis of time variant channels (Sect. 1.61).

Principal Publications:

ON THE CONDITIONS FOR OBTAINING A

HIGH INFORMATION HANDLING CAPA-

CITY IN COMMUNICATION CHANNELS

WITH RANDOM VARIATIONS IN THEIR

PARA M E TE RS

V. I. Siforov, Telecommunications, no. 1,

1958, p. 1/8.

FACTORS AFFECTING MODULATION

TECHNIQUES FOR VHF SCATTER SYSTEMS

J. W. Koch, IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 77/92.
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COMPARISON OF DIFFERENT TRANS-

MISSION TECHNIQUES FOR LONG-RANGE
COMMUNICATIONS SYSTEMS

W. E. Morrow, Jr., Proc. Nat. Aeron.

Electronics Conf., vol. 7, May 1959,
p. 130/133.

CERTAIN PROPERTIES OF COMMUNICATION

SYSTEMS WITH FADING TYPE INTER-

FERENCE

E. ' L. Blokh, et al., Radio Engng: Transl.

of Radiotekhnika, vol. 15, no. 9, 1960,
p. 1/9.
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• . . Such systems are compared with those

having ordinary additive interference• The

information capacity of these systems is also

compared• The use of correcting codes is
studied ....

QUESTIONS OF POTENTIAL INTERFERENCE

RESISTANCE WHEN THE SIGNAL FADES

D. D. Klovskii, Radio Engng: Transl. of

Radiotekhnika, vol. 15, no. 5, 1960,

p. 24/35•

Criteria are obtained for single coherent

and non-coherent reception of discrete mes-

sages for an ideal receiver in the presence

of fluctuating interference and rapid smooth

fadings of the signal• The probability density

of the envelope of the signal reaching the re-

ceiver is assumed to be distributed according

to the generalized Rayleigh law ....

The minimum probability of faulty reception

is calculated for certain classes of systems•

FM AND SSB RADIOTELEPHONE TESTS ON
A VHF IONOSPHERIC SCATTER LINK

DURING MULTIPATH CONDITIONS

J• W. Koch, et al•, IRE Trans. Commun.

Syst•, vol. CS-8, no. 3, Sept• 1960,

p. 183/186.

CRITERIA FOR THE ULTIMATE CAPABILITY

OF THE OPTIMIZED TROPOSPHERIC

SCATTER SYSTEM

C. A. Parry, IRE Trans. Commun. Syst.,

vol. CS-8, no. 3, Sept. 1960, p. 187/192.

DATA TRANSMISSION TESTS ON TROP-

OSPHERIC BEYOND-THE-HORIZON RADIO

SYSTEM

F. E. Willson, et al., IRE Trans. Commun.

Syst., vol. CS-8, no• 1, March 1960,

p. 40/43.

• . • Tests were made at 750 or 1300 bits

per seconds employing both double sideband
AMP and FM methods of data modulation.

In the single-link tests the data performance
was determined for various transmission

parameters such as median channel noise,

peak channel noise, radio received carrier

level, and order of diversity• Data were
satisfactorily transmitted on a 2400-mile cir-

cuits consisting of nine different beyond-the-

horizon paths and six line-of-sight paths• The

FM-type data modulation was notably superior

to the AM type•

(No Title)

S. Chang, et al., Electronics Research Lab.,

Northeastern U., Boston, Mass., Final

rept., 31 May 1961, 126p., AD264 765.

The basic factors in multipath and some

existing systems of reducing these defects, are

examined together with conjectures on possible

modifications of these systems to improve

bandwidth-time utilization . . . two special
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classes of 2-3 channels, the complete erasure
channel . . . fractional erasure channel,

are presented... A slope method for 3-3 and
2-3 channels is also discussed. A mathematical

analysis of the ambiguity function for three

classes of waveforms, and a theorem on the un-
imodular linear transformation of the ambiguity

plane, are presented. Two novel schemes of

detection, an a posteriori probability computer

for a digital communication channel with mem-

ory, and an asynchronous demodulator for

double-sideband (carrier suppressed) trans-

missions, are studied. A theoretical compari-

son is made on the relative per-word reliabi-

lities in a digital channel between the uncoded

case and the case where an error-correcting

code is used at the same energy and time-
bandwidth per word.

ANALYSIS OF FIVE MODULATION TECH-

NIQUES FOR CASCADED BINARY

COMMUNICATION LINKS PERTURBED BY

ADDITIVE GAUSSIAN NOISE AND RAYLEIGH

FADING

H• D• Goldman, et al•, New York U. Coll. of

Engineering, N. Y., (Scientific rept. no• 7),

6 Nov. 1961, 50p•, AD270 285.

• • . cases of constant and Rayleigh-dis-

tributed signal levels• An exact expression

is derived for over-all error probability for

any number of links with constant signal

levels• The reliability of five modulation tech-

niques are examined when independent and

dependent Rayleigh fading is present on the

cascaded system . . . The results of these

analyses afford the designer a basis for a

suitable trade-off between number of relays

and individual link reliabilities for a specified

over-all system reliability•

BINARY ERROR RATES IN FADING FDM-FM

COMMUNICATIONS

D. E. Johansen, IRE Trans. Commun• Systems,

vol. CS-9, no. 3, Sept. 1961, p. 206/214•

• . . in a fading environment FDM-FM . . .

it is shown that an FDM-FM data system does

not perform as well as does the equivalent

FDM-SSB system by an amount in the order of

10 db.

INVESTIGATION OF DIGITAL DATA

COMMUNICATION SYSTEMS

J. G• Lawton, Cornell Aeronautical Lab.,

Buffalo, N. Y., (Rept• no. UA-1420-
S-l), (RADC TR 61-58), 3 Jan. 1961,

AD 256 584.

• . . performance of several types of

Phase Shift Keyed (PSK) systems, as deter-

mined by the relationship of the error proba-

bility to signal-to-noise coherent, binary and

m-state PSK systems, and the effects of fre-

quency offset, cross-talk and thermal noise

on the performance of these systems are con-
sidered. The performance of m-state differen-

tially coherent multiplexed PSK data links

operating over a Rayleigh fading tropospheric
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scatter link is analyzed. The properties of

impulse noise are examined and the effect of

impulse noise are examined and the effect of

packed codes are investigated. Moment de-

tection, which refers to a decision technique

based on the use of temporal moments is

investigated both analytically and experimen-

tally.

THEORETICAL PERFORMANCE BOUNDS FOR

VARIABLE DATA RATE TRANSMISSIONS

ON FADING CIRCUITS

J. N. Pierce, Air Force Cambridge Research

Labs., Bedford, Mass., (AFCRL-959),

Nov• 1961, 9p•, AD269 796.

• . . a means of counteracting adverse

effects of fading. Theoretical bounds on attain-

able improvements are derived as a guideline
to more exhaustive studies• It is shown that

relatively simple suboptimum systems offer

virtually as good performance as the most

elaborate system•

NEW METHODS FOR ESTIMATING DISTORTION

IN MULTIPATH SIGNAL PROPAGATION

(English Translation)

V. A. Smirnov, Telecommunications, no. 5,

May 1961, p. 9/17.

Two energy methods for estimating multi-

path signal distortion are presented. Both

methods are applicable to any form of signal
modulation• Hence the methods serve as a

means of quantitative comparison of different

communication systems .... Analytical ex-

pressions are given for the magnitude of the

distortion for different forms of signal modu-
lation.

A LONG RANGE DIGITAL COMMUNICATIONS

SYSTEM

A• J. Strassman, et al•, IRE Trans. Commun.

Syst., vol. CS-9, no. 9, Dec. 1961, p•
383/389.

• . . high-frequency, digital data communi-

cation system using the quantized frequency-

modulation (QFM) technique and the quantized

phase-modulation (QPM) technique• QFM is

a synchronous frequency shifting technique that

can provide a predetermined amount of gap

protection be tween successively transmitted

pulses on the same subchannel frequency. The

design of the system provides for a basic bit

rate of 1000 bits/sec, and is capable of expan-

sion to 8000 bits/sec. System peripheral equip-

ments provide digital inputs from facsimile and

voice (Vocoder), as well as from multispeed

teletype. Highly miniaturized modular construc-

tion is used throughout for all equipments in-
stallations.

These systems operate in the 2 - to 36-Mc

high-frequency bands and have been tested at

ranges in excess of 5000 miles.

EFFECTS OF AMPLITUDE AND PHASE

FLUCTUATIONS ON THE PERFORMANCE

OF DIGITAL DATA SYSTEMS IN FADING

FDM-FM AND FDM-SSB SYSTEMS

H. D. Becker, Proc. Nat. Commun. Symp.,
vol. 8, no. i0, Oct. 1962, p. 93/100.

• . . Emphasis is placed on the theoretical

performance of differentially coherent phase-

shift keyed (DCPSK) systems in which DCPSK
data is transmitted on subcarriers over a

frequency-division multiplex single-sideband

(FDM-SSB) or an FDM-FM transmission sys-

tem, such as employed in typical tropospheric
scatter links ....

THEORETICAL STUDY OF ON-OFF TRANS-

MISSION OVER GAUSSIAN MULTIPLICA-

TIVE CIRCUITS

P. A. Bello, et al., Proc. Nat. Commun.

Symp., vol. 8, no. 10, Oct. 1962, p. 76/92•

• . . performance of an . • . "intermittent"

binary communication system employing for-

ward and feedback channels with statistically

independent flat fading. Ideally, such a system

transmits data on the forward channel only when

the received signal is sufficiently strong to

allow reliable detection, the feedback channel

bieng used to provide the transmitter with the

necessary receiver signal-to-noise ratio in-

formation• In practice . . . feedback link

errors will degrade system performance . . •

This paper presents an exact determination

of error probabilities including the effects of

• . . feedback link errors . . . an approximate

optimization of the parameters of such a sys-

tem is carried through and performance curves

are given for this optimized system•

THE INFLUENCE OF FADING SPECTRUM

ON THE BINARY ERROR PROBABILITIES

OF INCOHERNET AND DIFFERENTIALLY

COHERENT MATCHED FILTER RECEIVERS

P. A. Bello, et al., IRE Trans. Commun.

Systems, vol. CS-10, no. 2, June 1962,

p. 160/168.

Previous derivations . . . have assumed

that the fading rate is so slow that fluctuations

within a bit may be ignored. This slow fading

assumption is removed in the present paper

which derives general expressions for the binary

error probabilities of incoherent and differen-

tially coherent matched filter receivers emplo-

ing post-detection diversity combining. In the

analysis it is assumed that the transmitted sig-
nals occupy a bandwidth much smaller than the

coherence bandwidth of the medium so that

"flat" fading may be assumed. In addition, it

is assumed that the amplitude and phase fluct-

uations produced by the medium have the same
statistical character as those of narow-band

Gaussian noise ....

423



1.850

JAMPROOFAUTOMATICFREQUENCY
CONTROL.VOLUME1.ANALYTICSTUDIES

A• Bond,etal., BendixSystemsDiv.,
BendixCorp.,AnnArbor,Mich.,(Rept.
no.BSR-546,vol•1), (ASDTR61-661,
vol.1),Jan.1962,lv., 28refs.,AD270
529.
A studyofmodulation,detectionandcorrec-

tiontechniqueswasundertakentodevelop
designcriteriafor communicationequipment
thatcouldprovideadequateperformancewhen
subjectedto severedopplershiftsandother
effectsencounteredincommunicationsfrom
rapidlymovingvehicles....
STUDYOFADAPTABLECOMMUNICATIONS

SYSTEMS
D• Chesler,SylvaniaElectricProducts,Inc.,

Waltham,Mass.,Finalrept.incl.illus.,
tables,refs., (Rept.no•F-1008-1),
(RADCTDR62-314),14June1962,293p.,
AD286504.

• . . coveringbothadaptablereceiversand
repeat-requestfeedbacksystemsusingerror-
detectioncodes.Thestudyonerror-detecting
codesdealswithamulti-stageerror-detection
repeat-requestsysteminwhichthereceiver
performserrordetectiononsmallblocksof
binarydigitsandrequestsarepeatofeach
blockinwhichanerroris detected• . . Opti-
mumthresholdsaredeterminedforusein
dual-ratetransmissionoverfadingchannels
inconjunctionwitherror-detectioncoding.
Theremainingstudiesdealwithadaptablere-
ceivers.Oneinvestigationdemonstratesthe
utilityofarake-typesystemfororbitaldipole
channels.Therakesystemstudiedis agenera-
lizationfotheconventionalrakesystemand
hastheadvantageofallowinganalogaswell
asdigitalmodulation•
EXPERIMENTALEVALUATIONOFAN

OPTIMUMDETECTORFORFSKTRANS-
MISSIONTHROUGtIARAYLEIGHFADING
CHANNEL

E. E. Cossette,etal., RomeAir Development
Center,GriffissAir ForceBase,N. Y.,
(Rept.no.RADCTDR62-554),Nov.1962,
22p., incl.illus., 6refs.,AD291892.
• . . Thisreceiverwasinstrumented,

throughuseofsimulationtechniques,toeval-
uateexperimentallytheperformanceofsuch
asystem.Themeasurementsresultedina
familyofcurvesgivingtheorobability of
transmission error as a function of the ratio

of si_,mal energy per bit to noise power density

with the keying interval as a parameter. The

results showed an improvement over existing
FSD receivers.

PERFORMANCE OF DIGITAL COMMUNICATIONS

SYSTEMS IN AN ARBITRARY FADING RATE
AND JAMMING ENVIRONMENTS

A. B. Glenn, etal., Conf. Proc. Nat. Cony.

Mil. Electronics, vol. 6, June 1962, p.
168/173.
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• . . Three basic types of communication

systems were investigated. The first system

employs large bandwidth signal duration pro-

duct (WT) orthogonal signals with quadrature

detection. The next two systems employ a

WT product approximately equal to one. These

last two systems were the noncoherent frequency

shift keyed (FSK) and the differentially coherent

phase shift keyed (DPSK) . . . In addition to

the desired signal fading, an undesired signal

is also assumed to be subject to statistically

independent Rayleigh fading with the same sig-

nal spectral density as the desired signal plus

an undesired signal which is not fading ....

AN ANALYSIS OF CASCADED BINARY

COMMUNICATION LINKS

H. D. Goldman, et al., IRE Trans. Commun.

Syst., vol. CS-10, no. 3, Sept. 1962,
p. 291/299•

• . . The use of satellite relays appears

to be particularly advantageous for wide-

band VHF and UHF global communications•

INFORMATION TRANSFER EFFICIENCY OF

WIDEBAND COMMUNICATIONS SYSTEMS.

PART III. A WIDEBAND ADAPTIVE

COMMUNICATION SYSTEM

J. C. Hancock, et al., Purdue U., School

of Electrical Engineering, Lafayette, Ind.,

Final tech. rept., June 1961- June 1962,

on Improved Information Transfer

Efficiency of Wideband Systems, July 1962,

218 p., incl. illus., 60 refs•, (ASD TDR

62-611, pt. 3), AD 284 452.

• . . capable of monitoring the medium

through which it must perform while simulta-

neously transmitting information and contin-

uously adjusting its modes of operation so as

to optimize its performance with respect to

a performance criterion chosen a priori.

Statistical methods are applied to the adaptive

communication problem. Communicating

through a random multipath channel with ad-

ditive noise is considered .... A major con-

clusion taken from these expressions is that

the probability of error in no case depends

directly on the channel gain, but rather is a

function of the total average energy received

from all propagation modes.

HIGtt FREQUENCY RADIO DATA TRANS-
MISSION THROUGIt MULTIPATI| DISTUR-

BANCE

J. C. ttansen, Mitre Corp., Bedford, Mass.,

(Technical memo. no. TM-3359), (ESD TDR

62-327), 13 Sept. 1962, 18p., incl. illus.,

14 refs•, AD 290 538.

There exists an urgent requirement to in-

crease the reliability of high frequency radio

communications. A degradation of performance

can occur during periods of high signal strength

due to multipath disturbance. This phenomenon,

along with a number of proposed methods of

solution, are described.

°
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COMMUNICATION THROUGH RANDOM

MULTIPATH MEDIA

D• P• Harris, Stanford Electronics Labs•,

Stanford U., Calif., (Technical rept. no•

1002-2), April 1962, 89 p., incl. illus.,

24refs•, AD291447•

• . . Analysis is undertaken in sufficient

depth to give guidance in the selection of design

parameters of various type of systems ....

comparison • . . of the performance potentials

of different communication techniques. Bounds

on the communication rate possible with an

adaptive matched-filter receiving technique are

obtained as functions of the channel-sounding

effort, the signal characteristics, and the

channel characteristics .... The performance

characteristics of a class of radiometric signal-

detection techniques that require no channel-

sounding provisions are analyzed .... The

results appear to be very attractive when rela-

tively large channel bandwidths are available.

• • • For many types of multipath channels,

the advantages of seeking generally optimum
communication techniques are somewhat limited•

MULTIPATH AND SCATTER COMMUNICATION

TECHNIQUES

D. P• Harris, IRE Internat. Conv. Rec., pt. 8,

vol. 10, March 1962, p• 161, 16 refs.

• . . results of an investigation of random-

multipath-and scatter-communication channels

and of communication techniques applicable to

such channels. The limiting bounds imposed

on the performance of adaptive matched-filter

receiver techniques by channel-sounding errors

are evaluated for a wide range of behavior in

practical multipath-channels models ....

MULTIPATH AND SCATTERED COMMUNI-

CATION TECHNIQUES

D. P• Harris, Lockheed Aircraft Corp.,

Sunnyvale, Calif., Tech. rept. on Flight

Sciences, (rept• no. 6-90-62-42), May

1962, 10 p• incl. illus., 16 refs., AD 275
343.

• . • The limiting bounds imposed on the

performance of adaptive matched-filter receiver

techniques by channel-sounding errors are evalu-

ated for a wide range of behavior in practical

multipath-channel models• The performance

characteristics of a class of incoherent com-

munication techniques that require no channel-

sounding provisions are considered• Power re-

quirements and bandwidth requirements per
unit information transmission rate are evaluated

and compared for these techniques and for dif-

ferentially coherent narrow-band techniques
under similar conditions•

TECHNIQUES FOR INCOHERENT SCATTER

COMMUNICATION

D.P. Harris, IRE Trans. Commun. Syst.,

vol. CS-10, no. 2, June 1962, p. 154/160.

• . . performance analysis of some digital
communication techniques that can be used when
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most other techniques fail. Error-probability

expressions are derived and evaluated for a

wide range of possible operating conditions.

Effective use of available signal power is

found to be possible on badly behaved channels,

provided there is sufficient bandwidth avail-

able for the optimization of performance.

• • . a class of digital communication systems

that employ sinusoidal pulse-transmissions with

frequency-shift or time-position-shift modula-

tion, or a combination of these techniques• The

magnitudes of the shifts are to be selected such

that the received waveforms, (corresponding to

different possible transmitted-pulse positions)

can be observed independent, . . .

A COMPARISON OF ERROR RATES FOR

COHERENT AND PHASE-COMPARISON

DETECTION OF TWO- AND FOUR-PHASE

DIGITAL SIGNALS IN THE PRESENCE OF

RAYLEIGH CARRIER FADING

(Correspondence)

C.R. Laughlin, etal., l>roc. IRE, vol. 50,

no. 4, April 1962, p. 468/469.

ERROR PROBABILITIES FOR COHERENT

MULTICHANNEL RECEPTION THROUGH

RICIAN FADING

W.C. Lindsey, JPL Space Progr. Summ., vol. 4,

no. 37-19, Dec./Jan. 1962, p. 159/165.

COMPARATIVE PERFORMANCE OF DIGITAL

DATA TRANSMISSION SYSTEMS IN THE

PRESENCE OF CW INTERFERENCE

F. G• Splitt, IRE Internat. Conv. Rec., pt. 8,

vol. 10, March 1962, p. 72/81•

COMPARATIVE PERFORMANCE OF DIGITAL

DATA TRANSMISSION SYSTEMS IN THE

PRESENCE OF CW INTERFERENCE

F. G. Splitt, IRE Trans. Commun. Syst.,

vol. CS-10, No. 2, June 1962, p. 169/177.

• . . The results obtained can also be utilized

to ascertain system performance in the presence

of interference from similar systems and for

certain classes of interrupted CW (ICW) inter-

ference .... The performance of differential

phase-shift, coherent phase-shift, amplitude-

keyed, frequency-shift and time-shift binary

digital data transmissions is determined ....

DATA TRANSMISSION INVESTIGATION

J. J. Tsimbidis, Motorola, Inc., Chicago, Ill.,

Quarterly progress rept. no. 4, 11 June -

10 Sept. 1962, 10 Sept. 1962, 35 p., incl.

illus., tables, AD 290 754.

• . . The tests of modem compatibility with

an AN/VRC-12 radio link setup in the laboratory

were completed ....

MULTIPURPOSE RECEIVER DESIGN STUDY

Philco Corp., Palo Alto, Calif, Final rept.

(Rept• no. WDL-TR 1850), 28 Sept. 1962,

333 p• incl. illus., tables, AD 286 985.
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• . . to meet functions required of tracking

stations for the majority of anticipated space

programs through 1970 .... to function in the

frequency bands of 100 me to I0 gc. Discussions

include the use of standard detection methods

plus phase and frequency feedback techniques

for detection of received signals including

wide-band FM, narrow-band FM, PM, AM,

and multiple angle modulations• Reliability

and maintainability evaluations are also in-

cluded.

DESIGN OF RELIABLE LONG-DISTANCE AIR-

TO-GROUND COMMUNICATION SYSTEMS

INTENDED FOR OPERATION UNDER

SEVERE MULTIPATH PROPAGATION

DISTURBANCES

K. W. Otten, IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no. 2, June

1962, p. 67/78.

A survey of the principal methods of im-

proving the reliability of long-range digital

communication systems . . . Special modu-

lation techniques as well as redundant trans-

mission of pulses, redundant in time and in

carrier frequency, are described as methods

to counteract the effects of multipath distortion

in connection with the proper special demodu-

lation and diversity reception techniques ....

for an air-to-ground communication system,

in which Doppler shift has to be considered

in addition to the multipath distortion, high

reliability can be obtained if quantized frequency

modulation (QFM) and time redundancy are

properly applied ....

INTERFERENCE APPLIED RESEARCH DATA

COLLECTION AND ANALYSIS. MODULA-

TION AND DETECTION TECHNIQUES FOR

INTERFERENCE SUPPRESSION

S. J. Andrzejewski, et al., Bendix Radio Div.,

Baltimore, Md., Final rept., RADC TDR

63 148, AD 406 221.

• . . theoretical and practical problems in-

volved in the selection of an optimum communi-

cation system, when the interference consists

of a random distribution of friendly pulse radars

are discussed. Four... techniques.., i.e.,

wideband FM, psGudo-random spread spec-

trum, pulse position modulation, and pulse

code modulation . . . required post-detection

signal-to-noise ratio of at least 50 db . . . A

PCM system using a redundancy feasibility

model . . . was tested and evaluated under con-

trolled field conditions, and the results are

compared with the theoretical expectations.

F EH LERWAHRSCHEINLICKEIT BINARER

UBERTRAGUNGSVERFAHRE N BEI

STORUNG DURCH RAUSCHEN UND

SCHWUND

(Error Probability of Binary Transmission
Systems Under Fading Conditions Over

Noisy Channels) (In German)

P. Besslich, Arch. Elekt. Uebertragung,

vol. 17, April 1963, p. 185/197, 16 refs.

Under the assumption of white Gaussian

noise and eccentric Rayleigh fading the error
probabilities of binary transmission systems

are calculated, a distinction being made for

the known types of modulatiom between coherent

{phase-sensitive) and non-coherent demodula-

tion. The influences of automatic phase and a

amplitude control as well as of the modulation

factor are taken into account. Known results

are obtained as special cases .... It is

seen that even weak fading causes a consider-

able increase in the error probability. Under

the same fading and demodulation conditions,

the error probabilities of all modulation meth-

ods can be stated by the same expressions

as functions of a generalized signal-to-noise

ratio. This shows that amplitude keying and

frequency-shift keying are theoretically equiva-

lent under all conditions encountered, if the

mean transmitting power is the same, while

values are verified by a model test ....

FEHLERWAHRSCHEINLICHKEIT BINARER

UBERTRAGUNGEN BEI MEHRFACH-

EMPFANG UND BEI FREQUENZSELEKTIVEM
SCHWUND

(Error Probabilities for Binary Trans-

mission with Diversity Reception Under

Selective Fading Conditions) ( In German)

P. Besslich, Arch. Elekt. Uebertragung,

vol. 17, June 1963, p. 271/277.

The error probabilities of binary trans-

mission systems are calculated for Rayleigh

fading and optimum diversity reception of
n-th order and shown as functions of the error

probability with non-diversity reception. Al-

though the error probability of non-coherent

transmission methods is reduced more by di-

versity reception than in the case of coherent

methods, the coherent systems remain de-

cidedly superior in diversity reception ....

DIGITAL TRANSMISSION IN MEDIA OF

VARIABLE TIME DELAY

E. M. Bradburd, et al., Conf. Proc. Nat.

Conv. Mil. Electronics, vol. 7, Sept.

1963, p. 438/442.

• . . requires suitable techniques for bit

synchronization, bit identification and time

division multiplexing. Increasing refinements

in these techniques are needed in the progres-

sion from networks of two nodes connected by

a single link to a number of nodes joined by

tandem links and thence to networks of higher

connectivity. The addition of link encryption

and multiplexing of information imposes even
more severe constraints .... the three

key terms in this analysis . . .

PERFORMANCE OF DIGITAL COMMUNI-

CATIONS SYSTEMS IN AN ARBITRARY

FADING RATE AND JAMMING ENVIRON-

MENTS

A. B. Glenn, et al., IEEE Trans. Commun.

Syst., vol. CS-11, no. 1, March 1963,

p. 57/68.
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• . . effectsoffadingrateontheperform-
anceofbinarydigitalcommunicationssystems.
Theperformanceofthreesystemsis evaluated
fromtheaspectofprobabilityoferrorper
informationbitwhenthedesiredandundesired
signalsaresubjecttostatisticallyindependent
Rayleighfading.Diversityreceptionisnot
includedinthesystemcomparison.There-
sults . • . applyonlyforanonselective
fadingenvironment. . . Thefirst system,
calledthequadraturedetectionsystem,employs
large-bandwidthsignaldurationproduct(WT)
• . . ThenexttwosystemsemployaWTpro-
ductapproximatelyequaltoone.These. . .
werethenoncoherentfrequency-shiftkeyed
(FSD)andthedifferentiallycoherentphase-
shiftkeyed(DPSK). • .

AFEASIBILITYSTUDYOFLONG-RANGE
AERO-MOBILEDATACOMMUNICATION

G.L• Grisdale,In: ElectronicsResearch
andDevelopmentforCivilAviationCon-
ference,London,England,Oct2-4,1963,
Collectedpreprints,InstitutionofElectrical
Engineers,1963,p. 1/7,A64-12814.

ERRORPROBABILITIESFORRICIAN
FADINGMUTICHANNELRECEPTIONOF
BINARYANDN-ARYSIGNALS

W•C. Lindsey,JetPropulsionLab.,Calif.
Inst.ofTech•,Pasadena,(NASACR-51853;
JPLTech.Rept.32-450),June3, 1963,
24p•, 26refs., N63-22895.

• . . derivedfortwodifferentformsof
multireceivers(thecoherentandnoncoherent),
whichareusedwithbinaryandN-arysignaling
throughtheRicianfadingmultichannel• . .

ERRORPROBABILITIESFORN-ARYNON-
COHERENTMULTIRECEIVERRECEP-
TIONTHROUGHTHERICIANFADING
MULTICHANNEL

W•C. Lindsey,JPLSpaceProgr•Summ.,
vol.4, Feb•/March1963,p• 105/109•

ANINTEGRALEQUATIONARISINGINMULTI-
CHANNELCOMMUNICATIONPERFORM-
ANCECHARACTERISTICS

W.C. Lindsey,JPLSpaceProgr•Summ.,
vol•4, no.37-21,April/May1963,
p. 156/158.

• . . automaticradiotelegraphyforranges
upto2,000miles. . • Themeritsofmany
proposedcommunicationmethodsareexamined,
aswellasdifferentmodulationsystems. . .

Suitablefor specifyingtheperformance
characteristicsforanon-coherentmultilink
communicationsystememployingtwocorre-
latedequiprobable,equal-energysignals. . .

COMMUNICATIONTHROUGHRANDOM
MULTIPATHMEDIA

D. P.Harris,LockheedAircraftCorp.,
Sunnyvale,Calif•,6July1963,96p.,
AD410286.

OPTIMUMPULSETRANSMISSIONSFOR
MULTIPATHCHANNELS

J. G•Proakis,LincolnLab.,Mass.Inst.of
Tech.,Lexington,Rept•no•64G3,
AFESDTDR63101,16Aug.1963,38p•,
AD416639.

• • . somespecifictechniquesfor communi-
catingthroughnoisy,randomlytime-varying
multipathchannelsareconsidered. . . Bounds
onthecommunicationratepossiblewithan
adaptivematched-filterreceivingtechniqueare
obtainedasfunctionsofthechannel-sound
effort,thesignalcharacteristics,andthechan-
nelcharacteristics•Theperformancecharac-
teristics,_£_classofradiometricsignalde-
tectiontechniquesthatrequirenochannel
soundingprovisionsareanalyzed....

TIME-VARIANTCOMMUNICATIONSCHAN-
NELS

T. Kailath,StanfordElectronicsLabs.,
StanfordUniv.,Calif.,Rept.nos,SEL63
106,TR70501, Aug.1963,19p., AD420
482.

• . . brokendownintofiveareas-methods
ofchannelrepresentation,methodsformeas-
uringtheinstantaneousandaveragebehavior
ofthechannel,thederivationofsuitablere-
ceiverstructuresfor communicationover
suchchannels,theevaluationoftheperformance
ofsuchreceivers,andstudiesofsignalse-
lectionandcodingtechniquestoincreasethe
speedandreliabilityofcommunication.

• . . problemofmodulationanddemodula-
tiontechniquesfor communicatingthrough
fluctuatingmultipathchannelshas. . . per-
formanceofanincoherentM-arycommuni-
cationsystemoperatingviaafluctuating
multipathchannelis computedundervery
restrictiveconditionsonthechannelbehavior,
namelythatthereceivedsignalconsistsof
resolvable,independentlyRayleighfading
pathseachofwhichhasbeencorruptedad-
ditivelybyindependentgaussiannoise•Pro-
bilityoferrorexpressionsare. . • genera-
lizationsofresultsobtainedearlierbyTurin,
Hahn,andPierce•Fromtheseexpressions
theoptimumtimedurationforpulsetrans-
missionsis computedfortwochannels-the
orbitaldipolechannelandthemoon.

DATATRANSMISSIONINVESTIGATION
R. F•Salava,Quarterlyprogressreptno.3,

11March1963- 10June1963,Reptno.7;
10June1963,38p;AD417754.

Fieldtestresultsofvariousmodems
operatingovertheAN/VRC-12radiosetare
presented.Mapprofilesofeachdatalink
areshownandtheaverageerror ratesare
givenfordigitaldatatransmissionatrates
from300to4800bps. Photographsofthe
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frequencyspectrageneratedbyeachmodem
attheirvariousbit ratesarepresentedandused
todiscusstherelativebandwidthrequirements
ofthemodems.TheperformanceoftheFSK
(AN/TYC-1,XC-2),Di-phaseandQuad-phase
modemsinthepresenceofacontrolledim-
pulsenoisetestwhileoperatingat1200bps
is showningraphicalform.A multi-frequency
modemisbeingconstructedfortheHFdata
transmissionstudyphaseofthecontract.The
modemwillhavethecapabilityof18bit rates
andwillbeusedin theinvestigationoftheshort
rangeHFdatatransmission•Systemblock
diagramsofthemulti-frequencymodemare
presentedandtheperformanceoftheclock
generatorandclockrecoverycircuitsis dis-
cussed•Thelimitsof thecode'serrorcor-
rectinganddetectingcapabilityareshown,
andthecode'sperformancewhenthesecapa-
bilitiesareexceeded. . .
DATATRANSMISSIONINVESTIGATION
R.F.Salava,Motorola,Inc., Chicago,Ill.,

Quarterlyprogressrept.no.5, 11Sept.-
10Dec.1963,Rept.no.9, 10Dec.1963,
lv., AD430726.

Fieldtestresultsobtainedwhiletransmitting
digitaldataovertheAN/VRC-12radioset
• . . at41.5mcusingFSKandDi-phasemo-
dems.... impulsenoisefrompassingve-
hiclesandthunderstormstomultipathcondi-
tionsfromairplanes....
CONDITIONSOFMAXIMUMNOISEIMMUNITY

OFSYSTEMSWITHACTIVESPACINGIN-
TERVALANDINDETERMINATESIGNAL
PHASE(Translation)

I. A. Tsikin,TelecommunicationsandRadio
Engineering,Part2- RadioEngineering,
July1963,p. 1/11,5refs., A64-15462.

Proofofthestarementthatorthogonalsig-
nalsinthewidesenseensuremaximumnoise
immunityinachannelwithindeterminatesig-
nalphase.Thespecialcaseofbinarysystems
withRayleighfadingofthesignalis considered,
withdevelopmentforoptimumsignalchoicewith
non-Rayleighfading,andfornoiseimmunityof
multipositionsignals.It ispointedoutthatthe
operatingprincipleofanoptimumreceiveris
thesameinthepresenceofRayleighfadingasin
its absence.... demonstratingthatorthogo-
nalityinthewidesenseisalsonecessaryin the
caseofcodeswithabasegreaterthantwo.
• * •

COMPARISON OF SIGNALLING EFFICIENCY

IN WIDEBAND COMMUNICATIONS

SYSTEMS

J.W. Ye, Mitre Corp., Bedford, Mass•,

Rept. no. TM3851, ESD TDR63 437,

Oct. 1963, 15 p., AD422 599.

• . . comparing the system performance

improvement in a coded correlation communi-

cation system under heavy jamming environment

for the following forms of message cncoder and

decoder: (1) simple reduction of the transmis-

sion rate, (2) simple reduction of the same

symbol, and (3) application of error-correcting

codes. The error-correcting codes were found

to perform uniformly better than the other two
schemes ....

Related Publications:

SIMPLE CODES FOR FADING CIRCUITS

H.B. Boelcker, Jr., IRE Trans. Commun.

Syst., vol. CS-6, no. 2, Dec. 1958,

p. 47/52•

Four relatively simple, redundantly-coded,

binary communication systems are considered

under certain limiting conditions of signal fad-

ing. White noise is assumed to be the only

source of errors. A nonredundant, synchron-

ous teletype system is used as a standard of

comparison . . . Only two forms of degrada-

tion are considered here, channel fading (flat,

uniform fading over the channel bandwidth)
and additive white Gaussian noise.

ERROR PROBABILITIES FOR BINARY SYM-

METRIC IDEAL RECEPTION THROUGH

NONSELECTIVE SLOW FADING AND NOISE

G.L. Turin, Proc. IRE, vol. 46, Sept. 1958,

p. 1603/1619.

POTENTIAL NOISE SUPPRESSION UNDER

CONDITIONS OF SIGNA L FADING

L.M. Fink, Radio Engng., vol. 14, no. 9,
1959, p. 1/14.

The optimum criterion is deduced for

separate reception of discrete messages in

the presence of noise, when the signal is

subjected to Rayleigh type fading. For certain

classes of system the minimum probability of
error is calculated as a function of the ratio of

the energy of a signal element to the specific

noise power•

PULSE PHASE-CHANGE SIGNALING IN THE

PRESENCE OF IONOSPHERIC MULTIPATH

DISTORTION

S.G. Lutz, et al., IRE Trans. Commun. Syst.,

vol. CS-7, no. 2, June 1959, p. 102-110.

SOME COMPUTATIONS OF ERROR HATES FOR

SELECTIVELY FADING MULTIPATH

CHANNELS

G.L. ]_urin, Proc. Nat. Electronics Conf.,

vol. 15, Oct. 1959, p. 431/440.

The probability that an ideal receiver makes

an error in receiving a binary transmission

through a noisy, selectively fading, discrete-

multipath channel can often be related to the

probability that tile difference of two quadratic

forms in complex normal variables, in itself a

quadratic form is less than a given constant. An

expression for this error probabiIity is presented
and conditions arc discussed under which this

expression may be easily evaluated ....
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ERROR.PROBABILITIESFORTELEGRAPH
SIGNALSTRANSMITTEDONA FADINGFM
CARRIER

B.B.Barrow,Proc.IRE,vol.48,Sept.1960,
p. 1613/1629.

THEINFORMATIONCAPACITYOFSYM-
METRICALLINKSWITHVARIABLEPARA-
METERSFORANUNLIMITEDFREQUENCY
BAND

L.M.Fink,RadioEngng:Transl.ofRadio-
tekhnika,vol.15,no.7, 1960,p. 33/46•

• . . calculatedforagivenratioofsignal
powertospectraldensityofwhitenoiseover
aswideafrequencybandasis convenient,pro-
videdthemethodsofcodingarelimitedtodis-
cretesymmetricalcodes....

SIGNALPROCESSINGINRADARASTRONOMY•
COMMUNICATIONVIAFLUCTUATING
MULTIPATHMEDIA

R. Price,etal., LincolnLab., MIT, Lexington,

6 Oct. 1960, AD246 782.

• . . the results are equally applicable to com-

munication problems in which the propagation

medium has significant multipath spread and

fluctuation rate. A signal received from such a

target or channel is a perturbed version of the

transmission, which frequency and time (delay)

spreads were produced by multiple random

modulation superimposed by the target (or chan-

nel) on the original modulation of the transmis-

sion. Special cases of the deep fluctuating

target, namely the fluctuating point target and

the very slowly fluctuating deeptarget, a;e also
considered•

ON THE DESIGN OF A HIGHLY RELIABLE HF

DIGITAL COMMUNICATION SYSTEM•

PROBLEMS, DESIGN PROCEDURES AND

THE DESCRIPTION OF A PROPOSED DESIGN

K. Otten, National Cash Register Co., Dayton,

Ohio, Rept. 3-4S, Oct. 1961, 38 p., AD 269
891.

• . . using pulse redundancy, it was concluded
that statistical information on the correlation

between disturbances must be known... From

other information and by analogy, important

design characteristics . . . can be qualitatively

extrapolated: (1) Wide bandwidth (greater than

3 kc) to permit effective utilization of frequency

diversity, (2) Interleaving of sub-bits from

various information-bits to permit effective

utilization of time diversity, (3) Use of short-

duration pulses followed by long dead periods to

provide high potential protection against multi-

path distortion by self-interference, and (4) Use

of a demodulation technique which utilizes, rather

than rejects, multipath signal contributions•

However, it was also concluded that it is entirely
feasible to design and build a 3 kc bandwidth

system which will offer substantial performance

advantages over an FSK (frequency shift keying)
system.

429

ON OPTIMAL DIVERSITY RECEPTION

G.L. Turin, IRE Trans. Inform. Th.,

vol. IT-7, no. 3, July 1961, p. 154/166.

• . . The ideal probability-computing M-ary

receiver is derived for a fading, noisy, multi-

diversity channel, in which the link fadings may
be mutually correlated, as may the link noises•

The results are interpreted in terms of block

diagrams involving various filtering operations•

Two special cases, those of very fast and very

slow fading, are considered in detail.

UNIVERSAL COMBINED RADIO RELAY AND

TROPO SCATTER EQUIPMENT APPENDICIES
I-XIII. VOLUME II

ITT Communication Systems, Inc., Paramus,

N.J., (Rept. no. Cl183-TR-5), (RADC TR
60-246, vol. 2), 15 July 1961, 207p.,
AD 261 093.

• . . Modulation methods for line-of-sight
and beyond-the-horizon radio communication

links . . .

PREDETECTION DIVERSITY COMBINING
WITH SELECTIVELY FADING CHANNELS

P. Bello, et al., IRE Trans. Commun. Syst.,

vol. CS-10, no. 1, March 1962, p. 32/42.

• . . If the instantaneous fading is not uni-

form over the width of the channel, the resulting

channel incoherence will reduce the efficacy

of the phase correlation• One way to avoid this

difficulty is to divide the selectively fading

channel into "flatly" fading subchannels and

perform the necessary phasing and combining

operations per subehannel .... This paper

considers this question with reference to FDM-

SSB binary data transmission and matched filter

reception, wherein a pilot tone is used both for

deriving proper phase correction and for provid-

ing the weighting necessary for maximal ratio

combining ....

UPPER BOUND TO THE CAPACITY OF A

LINEAR TIME-VARYING CHANNEL WITH

ADDITIVE GAUSSIAN NOISE

G. D. Forney, Jr., Lincoln Lab., Mass. Inst.

of Tech., Lexington, (Rept. no. 34G-10),

(AFESD TDR 62-144), 26 Sept. 1962, 15 p.,

incl. illus., 10 refs., AD 287 453.

EFFECT OF PROPAGATION FADING AND

ANTENNA FLUCTUATIONS ON COMMUNI-

CATION SYSTEMS IN A JAMMING EN-
VIRONMENT

A.B. Glenn, et al., IRE Trans. Commun.

Syst., vol. CS-10, no. 1, March 1962,

p. 43/60.

• . . The results are plotted for a large

variety of fading conditions for both the desired

and undesired signals and antenna fluctuations.

EFFECTS OF FADING ON QUADRATURE

RECEPTION OF ORTHOGONAL SIGNALS
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G. IAeberman,RCARev.,vol.23,no.3,
Sept.1962,p. 353/395.

• . . Ananalysisofeffectsoffading,fre-
quencyinstability,andnoiseonquadraturere-
ceptionoforthogonalsignalsisgiven... The
analysisincludeseffectsoftheshapeofthe
spectrumofthefadingcarrier• Themodel
assumesnonselectivefadingconsistingofa
specularcomponentsuperposedonaGaussian-
processrandomcomponent.Themeasureof
errorprobabilityperformanceusedconsistsof
quantilesoferrorprobabilityaswellasthe
meanprobabilityoferror•

H-FPROPAGATIONSIMULATION
R. Mather,etal., RomeAir Development

Center,GriffissAir ForceBase,N.Y.,
(Rept.noRADCTDR62-473),Nov.1962,
21p.incl., 6refs.,AD288924.

. . . tobesimulatedonananalogcomputer
andcomparedwithexperimentaldatacollected
overa3800-kmpath.Theexperimentalcomplex
consistsofatransmittersitelocatedinthe
PanamaCanalZoneandareceiversiteat
Stockbridge,N.Y. Verticalionosphericsounders
arelocatedalongthetransmissionpathandare
usedtomeasurethespatialdistributionofelec-
trondensityin thevolumeofinterest.Amethod
is describedwherebythisspatialdistribution
ofelectrondensityisprogrammedintotheanalog
computerinorderthatthe Itamiltonian equations

describing ray paths may be solved. In addition

to producing frequency vs. time plots for com-

parison with the experimental data, the simulator

also gives results not easily measured in file field,

such as take-off angle, angle of arrival, group

time, phase time, off-path deviation, and height
of reflection ....

M-ARY TRANSMISSIONS WITH LINEAR

FILTERING ON RAYLEIGH FADING

CIRCUITS

J.N. Pierce, Air Force Cambridge Research

Labs., Bedford, Mass•, (AFCRL 62-150),

March 1962, 13 p., incl. table, 7 refs.,
AD 275 436.

On a nonfading circuit, arbitrarily small

error rates can be achieved by using uncoded

M-ary transmission with linear receiver filter-

ing .... on a Rayleigh fading circuit ....

improvement obtained in communicating binary

data with M-ary transmissions is equivalent

to a saving in transmitter power of less than
4.6 db ....

E UROPEAN-M EDITERRANEAN TROPOSPttERIC

SCATTER COMMUNICATION SYSTEM PER-

FORMANCE SPECIFICATION IN-BAND

SIGNA LING EQUIPMENT

ITT Communication Systems, Inc., Paramus,

NoJ., Rept. no• 6i, 1 April 1962, 14 p.,
AD 430 415•

• • . covers one type of voice frequency

signalling equipment for use in the System

which utilizes tone signals transmitted within

the limits of the voice frequency channel.

HIGH FREQUENCY DIGITAL COMMUNICATION

SYSTEM

National Cash Register Co., Dayton, Ohio,

Quarterly progress engineering rept. no. 3,

1 Dec. 1961- 28 Feb. 1962, (rept. no. 3-3Q,

15 April 1962, 1 v., AD 275 058.

• . . provides highly reliable operation in the

presence of multipath propagation and doppler

shift ....

ttIGtt FREQUENCY DIGITAL COMMUNICATION

SYSTEM

National Cash Register Co., Dayton Ohio,

Quarterly progress engineering rept. no. 4,

i March - 31 May 1962, (Rept. no. 3-4Q),

15 July 1962, iv., incl. illus., tables,
AD 282 698.

• . . development of special modulation,

demodulation digital control and coding equip-

ment . . .

INVESTIGATION OF ACTIVE DOPPLER

VE LOCITY SENSOR

Raytheon Co., Sudbury, Mass., Final engineer-

ing rept. June 1960-Jan. I962, (Rept. BR-1516),

(ASD TDR 62-23), 12 Jan. 1963, 64 p.,
AD 269 717.

• . . The following doppler sensor areas were

given particular consideration: (1) modulation

techniques . . .

TItE EFFECT OF FREQUENCY SELECTIVE
FADING ON THE BINARY ERROR

PROBABILITIES OF INCOHERENT AND

DIFFERENTIALLY COHERENT MATCHED

FILTER RECEIVERS

P.A. Bello, etal., IEEE Trans. Commun. Syst.,

vol. CS-11, no. 2, June 1963, p. 170/186.

The presence of frequency-selective fading in

a communication channel limits the maximum

data rate capability of conventional communica-

tion systems .... receivers employing post-

detection diversity combining .... it is as-

sumed that the fading is slow enough so that over
a few bits at least the channel transfer function

remains constant. In addition, it is assumed

that the amplitude and phase fluctuations on a

received carrier have the same statistical

character as those of narrow-band Gaussian

noise ....

430

HC-273 MODULATOR/DEMODULATOR FOR HF

RADIO LINKS

E. Enriquez, et al., Rec. Nat. Commun. Symp.,
vol. 9, Oct. 1963, p. 92/101•

• . . in spite of greatly favorable s/n ratio,

pulse smear . . . requires the use of relatively

long pulses . . . this implies low signaling rates

on a per-subehannel basis .... four-phase
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modulationofthesubcarrierprovidesthemeans
toattainhigherthannormalbit rates . . .

ONTHESELECTIONOFANORTHOGONAL
SIGNALENSEMBLEFORTHETRANSMISSION
OFBINARYDATA

L.R. Halsted,Rec.Nat.Commun.Symp.,
vol. 9, Oct.1963,p. 66/74•

• . . considersbinarydatatransmissionsys-
temsinwhichsignalinterferencemaybecaused
byacombinationofsignalblankingandfading,
additiveimpulsenoise,andadditivenonwhite
gaussiannoise.Foreachdisturbancethepaper
showshowtheerrorratecanbeimprovedbythe
suitablechoiceofasignalensemble,andit
discussesthechoiceofagoodsignalensemble
foragivencombinationofthesedisturbances.
Thesystemsareassumedtouseideallinear
correlatorsforsignaldetectionandtohavemini-
mumbandwidthfortransmittingthedatainbinary
form. Thepaperalsoillustratestheroleof
n-by-northogonalmatricesin thechoiceofa
signalensembletotransmitablockofninforma-
tionbits....

ARAKESYSTEMFORLUNARRELAYCOM-
MUNICATIONS

S.Kasowski,IEEEInternConv.Rec.,Pt. 8,
vol. 11,March1963,p. 197/214,15refs.,

• . . Thetransmissiontechniqueinvestigated
is amultilevel,matchedfilter typeusingwide-
band,binary,pseudorandomsequences.It is
studiedspecificallyfor transmissionof
digitalizedinformationonamoonbounce
link, i.e., for communicationbetweentwo
distantgroundstationsusingthemoonasa
reflectivescattererrelay.

THENOISEIMMUNITYOFOPTIMUMHIGHER
BINARYCODES

N.P.Khvorostenko,RadioEngng:Transl.of
Radiotekhnika,vol. 18,no.12,Dec.1963,
p. 1/8.

Expressionscharacterizingthenoise
immunityofWagner'scorrectionschemefor
FSKandPSKsystemsareobtainedunderthe
followingconditions:fluctuationnoiseispresent,
theamplitudesofthereceivedsignalsareRay-
leighdistributed,andnocorrelationexistsbe-
tweeneitherfadingornoiseatinstantsofsampl-
ingdifferentpositionsofacodeword.

It isshownthatWagner'scorrectionscheme
is optimumin thesenseofminimizingthe
meanprobabilityofincorrectdetectionofa
codeword,andis sufficientlyclosetooptimum
in thesenseofminimizingthemeanprobability
ofincorrectdetectionofeachinformationsymbol
ofthiscodeword....

A TECHNIQUEFORIMPROVINGTHETRANS-
MISSIONRELIABILITYOFA FADING
CHANNEL

S.Kitces,etal., IEEEInternat.Conv.Rec.,
Pt.8, vol. 11,March1963,p. 154/162.

• . . Inachannelwherethedurationofa
fadeis muchlongerthanthatofacodeword,the
commonlow-ordererror-correctingcodes,al-
thougheasilyimplemented,donotmaterially
increasetransmissionreliability•

A techniqueisproposedwhichenablesoneto
usesimplecodestocombatfadingbytrans-
mittingtheindividualbitsofacodeword,notin
succession,butseparatedin timebythelength
ofexpectedfades•Thistransformsachannel
withacorrelatederrorpatternintoonewith
randomerrorsacrossthecodewords.Thegaps
betweenthebitsofthecodewordaretakenupby
bitsfromothercodewordsarrangedinasimilar
fashion....

SIMULATIONOFA FADINGMEDIUM
R.Krulee,Rec.Nat.Commun.Syrup.,vol.9,

Oct.1963,p. 233/240•

DespitetheextensiveuseofHFandscatter
techniquesonlong-haulcircuits,surprisingly
little isyetunderstoodabouttheactualper-
formanceofsuchcircuitsduringthedeepfading
situationswhichlimit theperformance. . . In
thispaperamodelthatis consistentwithob-
servedexperimentaldatais developedfor afad-
ingcircuit• Theinstrumentationnecessaryto
allowlaboratorysimulationandtestingunder
exactlythoseconditionswhicharemostcritical
forsatisfactorysystemdesignis discussed.

APPROXIMATEDETERMINATIONOFTHEDIS-
TRIBUTIONFUNCTIONOFFADELENGTHS
BELOWTHRESHOLDLEVELFORTHE
ENVELOPEOFTHESUMOFADETERMINIS-
TICSIGNALANDGAUSSIANSTATIONARY
NOISE

B.R.Levin,etal., RadioEngng:Transl.of
Radiotekhnika,vol.18,no.5, May1963,
p. 20/26.

• . . comparedwithknownexperimentaldata
aswellaswithRiceTsapproximatiohmethod.

ADAPTIVEDIGITALCOMMUNICATIONFORA
SLOWLYVARYINGCHANNEL

G.Lieberman,IEEETrans.Commun.Elec-
tronics,no.65,March1963,p. 44/51,
26refs.

• . . Theoreticalgainsachievablewithadapta-
tionarecalculatedintermsofreductionsin re-
quiredmeantransmitterenergyasafunctionof
asignal-fadingparameterfordifferentprobabili-
tiesofunsatisfactoryoperation.

A NOTEONTHECOHERENTMULTICHANNEL
DETECTOR

W.C.Lindsey,JPLSpaceProgr.Summ.,
vol.4, no.37-23,Aug./Sept.1963,p. 180/
184.

Anintegralsolutionispresentedwhichhas
applicationtothesinglynoncenteralF-distribu-
tionwith2deg.offreedomforthechi-squared

431



1.860

variateandldeg.forthedenominator;interms
ofdetectiontheorytheintegralspecifiesthe
error rateforacoherentcorrelationreceiver
whichisconnectedtoachannelthatmayassume
oneofseveralstatisticalforms•

PERFORMANCEANALYSISFORTHECOHERENT
MULTIRECEIVERINSPECULARANDRAN-
DOMMULTICHANNELS

W.C.Lindsey,JPLSpaceProgr.Summ.,
vol.4, no.37-21,April/May1963,p. 154/156.

(NoTitle)
H.R.Machin(editor),CentralRadioPropagation

Lab.,NationalBureauofStandards,Boulder,
Colo.,QuarterlyprogTessrept.no.7,Jan-
March1963,NBSRept.no.7694,March1963,
116p.,AD419303.

• . .Inthemodulationresearchprograman
analysishasbeenmadeofionospheric-scatter
transmissionsusingavoicesignaltofrequency-
modulatethetransmitterwithmaximumdevia-
tionsof1, 3, 5, and15kc/s.... anatmos-
phericnoisetape-recordingsystemhasbeen
developed....

OPTIMUMPULSETRANSMISSIONSFOR
MULTIPATHCHANNELS

J.G. Proakis,LincolnLab.Mass.Inst.of
Tech.,Lexington,(Rept.64G-3;
AD416639),16Aug.1963,40p., refs.,
N64-17454.

• . . performanceofanincoherentM-ary
communicationsystem.., computedundervery
restrictiveconditionsonthechannelbehavior,
namely,thatthereceivedsignalconsistsof
resolvable,independentRayleighfadingpaths,
eachofwhichhasbeencorruptedadditivelyby
independentgaussiannoise. . . generalizations
ofresultsobtainedearlier• Fromtheseex-
pressionstheoptimumtimedurationforpulse
transmissionsis computedfortwochannels-
theorbitaldipolechannelandthemoon.
CANCELLATIONOFDOPPLERFREQUENCY

SHIFT
R.M.Waetjen,Air ForceCambridgeResearch

Labs.,Bedford,Mass.,AFCRL6370,
March1963,21p., AD404428.

A circuitisdescribedwhichis capableof
cancellingfirst-orderDopplerfrequencyshifts.

Section 1.86

1. 860: Comparison of Modulation Systems under Special Equipment Conditions

Included: Comparison of modulation systems under certain power limitations; Peak power

limited channels; Average power limited channels; Comparison of modulation systems for

coherent detector operation.

Not Included: Theory of coherent detectors (2); Theory of envelope detectors (2).

Cross References: Channel models (Sect. 1.13).

Principal Publications:

COMPARISON OF REQUIRED RADIO FRE-
QUENCY POWER IN DIFFERENT METHODS

OF MULTIPLEXING AND MODULATION

Nicholas, Conv. Rec. IRE, May 1954, p. 59/65•

COMPARISON OF COHERENT AND PHASE-

COMPARISON DETECTION OF A FOUR-

PHASE DIGITAL SIGNAL (Correspondence)

C. R. Cahn, Proc. IRE, vol. 47, Sept. 1959,

p. 1662.

• . . considered by Lawton in a previous
correspondence.

MAXIMUM INTERFERENCE RESISTANCE OF

SYSTEMS WITH DISCRETE SIGNALS

N. L. Teplov, Radio Engng: Transl. of Radio-

tekhnika, vol. 15, no. 4, 1960, p. 44/60•

• . . in the presence of coherent and non-

coherent reception .... takes into account
the correlation of instantaneous value of inter-

ference. The '_imiting excesses of the signal

above the interference" correspond to maximum
interference resistance. • • Functions are

formulated for an ideal receiver which will achieve

maximum interference resistance• Use is made

of the simplest method of analysis, namely signal

and interference amplitude envelopes (skirting)•

POWER-BANDWIDTH TRADE-OFFS FOR

FEEDBACK FM SYSTEMS: A COMPARISON

WITH PULSE-CODE MODULATION

E. Bedrosian, RAND Corp., Santa Monica,

Calif., (Rept. RM-2787), Oct. 1961, 59 p.,
AD 264 781.

• . . For a given quality of service, power can

be traded against bandwidth depending on the

amount of feedback used. Large amounts of feed-

back in a typical system can reduce the amount

of transmitter power required by as much as 8 db

while roughly doubling the radio channel occupied,

compared with a conventional FM system designed

to minimize transmitter power• Assuming an

optimum detection process, a comparable PCM

system requires about 3 db less power than a

conventional toll-quality FM system but about 5 db

more power than a feedback FM system using 35
to 40 db of feedback•

ANALYSIS OF ANGLE MODULATION

COMMUNICATIONS SYSTEMS
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M. F. Easterling, et al., JPL Res•

Summary, vol. 1, no. 36-10, June/July
1961, p. 30/36.

• . . the receiving system utilizes only
phase-locked demodulators .... The
consideration of the FM phase-locked
demodulator is of interest because of recent
work.., on FM discriminators with

negative feedback.

COHERENT SYNCHRONOUS SAMPLED DATA
TELEMETRY SYSTEMS

W. V. Rusch, et al., JPL Res. Summary,
no. 36-8, Feb./Mareh 1961, p. 41/51.

• . . certain types of data sources are of
of a sampled nature; i. e., commutators are

employed which sample a given source
periodically. Sampled data signals also afford
an inherent degree of synchronization which can
be used advantageously in a communication

system .... For the evaluation and compar-
ison of various modulation and detection

systems, a generic performance criterion
must first be stipulated. One of the simplest
to measure and to calculate is a mean-square
error criterion, which will be discussed in
the next section. On this basis, a wide class

of coherent synchronous communications
systems will then be analyzed .... Conclu-
sions... PAM appears to be better than PDM
and PSK by a factor of three among the

modulation methods which may be demodulated
by linear synchronous detection, only because
the average power is the criterion• If a peak
power criterion were used, the three systems
would behave equally ....

ON THE OPTIMUM DETECTION OF

DIGITAL SIGNALS IN THE PRESENCE
OF WHITE GAUSSIAN NOISE--A
GEOMETRIC INTERPRETATION AND A
STUDY OF THREE BASIC DATA
TRANSMISSION SYSTEMS

E. Arthurs, et al., IRE Transactions on
Communications Systems, vol. CS-10,

Dec. 1962, p. 336/372, 18 refs., A63-
15047.

• . . to derive the optimum detector for each

of the basic data transmission systems: (1) m-level
phase-shift-keyed, (2) m-level amplitude-shift-
keyed, and (3) m-level frequency-shift-keyed.
Corresponding probability of error curves are
derived, compared, and discussed in detail•

ERROR RATES IN COHERENT COMMUNICA-
TION SYSTEMS

A. V. Balakrishnan, et al., IRE Trans. Commun.
Syst., vol. CS-10, no. 1, March 1962,
p. 86/89.

• • . In coherent PCM communication systems

where the noise is additive and Gaussian (such as
in space communication systems) two classes of

nonredundant coding are of special interest. One
is Regular Simplex Coding which yields the lowest

possible error rate for fixed SNR. The other is

Bi-orthogonal Coding because of its many desirable
features from the practical point of view ....

THEORY OF COHERENT SYSTEMS

W. M. Brown, et al., IRE Trans. Mil. Electronics,
vol. MIL-6, no. 2, April 1962, p. 187/196.

A circuit theory model is derived for coherent

radar, communication, sonar and antenna systems•
The model involves linear time invariant operators
and hence can be thought of as cascaded filters.
The model provides insight for such systems not
previously available, and it provides a unified

approach to the analysis of all the above systems•
• . . emphasis on the range channel of coherent
radars with particular attention to pulse compres-
sion radars• Performance limitations are

imposed by various random phenomena; specif-
ically, phase errors which take into account
deviations from perfect coherence are included

in the analysis.

COHERENT FDM/FM TELEPHONE COMMU-
NICATION

J. A. Develet, Jr., Proc. IRE, vol. 50, no. 9,
Sept. 1962, p. 1957/1966.

• . . telephone communication as applied to a
satellite repeater system• Particular emphasis

is placed on a method of coherent reception• . .
new to the field of common carrier telephony.
• . . for the class of signals utilized in common
carrier telephony, an attempt is made to place
on a quantitative footing the design of FDM/FM
satellite communication systems. The inter-

relation among such quantities as sensitivity,
bandwidth occupancy, and channel quality is
presented for a simply realized second-order
receiving system. In addition, the maximum

sensitivity achievable with the optimum receiving
system is shown ....

INFORMATION TRANSFER EFFICIENCY
OF WIDEBAND COMMUNICATION
SYSTEMS. PART I. INFORMATION

EFFICIENCY OF BINARY COMMUNICA-
TION SYSTEMS

J. C. Hancock, et al., Purdue U. School of
Electrical Engineering, Lafayette, Ind.
Tech. rept. on Improved Information

Transfer Efficiency of Wideband Systems,
(ASD TDR 62-611, pt. 1), 121 p. July
1962, incl. illus., tables, 18 refs.,
AD 284 450.

• . . A new criterion called information

efficiency is defined• . . Performance curves

showing information efficiency and probability
of error as functions of S/N are given• A

similar analysis is given for a group of
matched filter systems which includes both
coherent and non-coherent matched filter
detection of amplitude and frequency shift
keyed signals.

ERROR PROBABILITIES FOR COHERENT
MULTICHANNEL RECEPTION THROUGH
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RICIAN FADING

W. C. Lindsey, JPL Space Progr. Summ.,

vol• 4, no. 37-19, Dec./Jan. 1962,

p. 159/165•

• . . On reception the observed data is

assumed to be processed by an a-posteriori

probability computing coherent receiver ....

OPTIMUM COHERENT DEMODULATION OF

CONTINUOUS MODULATION SYSTEMS

A. J. Viterbi, JPL Space Progr. Summ.,

vol. 4, no. 37-16, June/July 1962, p. 50/54•

OPTIMUM COHERENT DEMODULATION

FOR CONTINUOUS MODULATION SYS-

TEMS

A. J. Viterbi, Proc. Nat. Electronics Conf.,

vol. 18, Oct. 1962, p. 498/508.

• . . Coherent demodulation refers to the

recovery of the information signal by operating

upon the noise-corrupted received signal with

a replica of the carrier signal.

This principle applies simply to amplitude

modulation wherein the information signal is

multiplied by the carrier signal. Demodulation

can be achieved by multiplying the received

signal by a replica of the carrier signal•

CLASSIFICATION AND EVALUATION OF

COHERENT SYNCHRONOUS SAMPLED-DATA

TELEMETRY SYSTEMS

A. Viterbi, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 1, March 1962,

p. 13/23.

• . . various types of continuous wave and

pulse modulation• . . perturbed by white Gaussian

noise• Optimal coherent synchronous detection
schemes for all the different modulation methods

are shown to belong to one of two general classes:

linear synchronous detection and correlation

detection• The figures of merit, mean-square

signal-to-error ratio and bandwidth occupancy,

are determined for each system and compared•

FEHLER WAHRSCHEINLICHKEIT BINARER

UBERTRAGUNGEN BEI MEHRFACH-

EMPFANG UND BEI FREQUENZSELEK-

TIVEM SCttWUND (Error Probability of

Binary Transmission Systems with Diversity

Reception Under Selective Fading Conditions)

(In German)

P. Besslich, Arch. Elekt. Uebertragung, vol. 17,

June 1963, p. 271/277.

• . . Although the error probability of non-
coherent transmission methods is reduced more

by diversity reception than in the case of coherent
methods, the coherent systems remain decidedly

superior in diversity reception ....

COIIERENT AND NON-COHERENT DEMODULA-

TION OF ENVELOPE-MODULATED RADIO

SIGNALS

P. V. Indiresan, et al., J. Brit. Instn. Radio

Engrs., vol. 25, no. 1, Jan. 1963, p. 65/71.
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The ordinary 'linear detector" and the coherent

demodulator are briefly discussed as the two

extreme cases of demodulators for envelope-

modulated signals, since in the former the

rectifier (or modulator) is switched by the

complete input signal, while in the latter a pure
local reference tone is used. The synchrodyne

and enhanced-carrier systems are regarded as

intermediate cases in which the switching is

effectcd by an impure carrier derived from the

incoming signal ....

NULL-ZONE ENVELOPE DETECTION IN

BINARY SYSTEMS

J. J. Metzncr, et al., IEEE Trans. Commun.

Electronics, no. 66, May 1963, p. 219/227,
12 refs.

• . . The effects of applying the null-zone

decision mechanism to two types of envelope-

detection systems are investigated, and

comparisons are made with previous results for

synchronous-detection systems• It is demon-

strated conclusively that, just as for the

synchronous system, null-zone reception offers

a means of improving the information rate of a

uni-directional system.

ERROR PROBABILITIES FOR SOME

GENERAL CLASSES OF NON-ORTHO-
GONAL M-ARY SIGNALS UNDER PHASE-

COHERENT RECEPTION

A. tt. Nuttall, Litton Systems Inc., Waltham,

Mass., Rept. no. TR 63 7 BF, 1 Sept.

1963, 16 p., AD 419 991.

PERFORMANCE OF COttERENT DETECTION

SYSTEMS USING DECISION DIRECTED

CttANNEL MEASUREMENT

J. G. Proakis, et al., Lincoln Lab., Mass.

Inst. of Tech., Rept. no. 64G1, AFESD
TDR 63 80, 27 June 1963, AD 409 819.

A NOTE ON POWER REQUIREMENTS FOR
DIGITALIZED VOICE TRANSMISSION

B. Reiffen, Lincoln Lab., Mass. Inst. of

Tech., Lexington, AFESD TDR 63 60,

6 May 1963, 7 p., AD 405 622.

A digital communication system is analyzed

under the following assumptions: (1) equal

energy orthogonal signals are used; (2) the

channel adds white gaussian noise; and (3) the

receiver uses band-pass correlation followed

by envelope detection.

UNIFIED ANALYSIS OF CERTAIN COHERENT

AND NONCOHERENT BINARY COMMUNI-

CATIONS SYSTEMS

S. Stein, IEEE Trans. Inform. Th., vol.

IT-10, no. 1, Jan. 1964, p. 43/51.

• . . including all possible conditions of

nonorthogonality of signal, and correlations in

the noise processes. These forms include

frequency-shift keying with noncoherent

detection, generalized to M1 noneoherent
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detectionsystemsutilizingtwobasicwave-
forms,andphase-shiftkeyingwithanoisy
referencesignal,generalizedtoall coherent
detectionsystemsutilizingasinglebasic
waveform.

Theunifiedresultis achievedbyexploiting
afundamentalrelationshipbetweennoncoherent
andcoherentoperation.Also,someusefuland
notwidely-knownmathematicaltechniques
involvingtheQfunctionarepresentedand
utilizedin thederivations....

OPTIMUMPULSESHAPESFORTRANSMIT-
TERSWHICHAREBOTHPEAKPOWER
LIMITEDANDAVERAGEPOWERLIMITED

D. W.Tufts,etal., CruftLab.,HarvardU.,
Cambridge,Mass.,TR428,12Nov.1963,16p.,
AD434875.

• . . anexplicityformulaisderivedfor
theinputwaveformp(t)whichmaximizesthe
outputwaveformamplitudeataprescribed
timeinstant.Theproblemandtheresults
arecloselyrelatedtothematchedfilter
problemofradartheoryandthebang-bang
problemofoptimalcontroltheory....
Related Publications:

DETECTION OF ASYMMETRIC SIDEBAND

SIGNALS IN THE PRESENCE OF NOISE

T. Murakami, et al., RCA Rev., vol. 19, no• 3,

Sept. 1958, p. 388/417, 19 refs.

The first part of this paper analyzes three

methods of detection of signals contaminated by
fluctuation noise:

(1) Linear Envelope Detectors

(2) Product Detectors

(3) Exalted Carrier Detectors

INCREASING THE RELIABILITY OF DIGITAL

COMMUNICATIONS SYSTEMS UNDER POOR

SIGNAL CONDITIONS

N. Levine, et al., Air Force Cambridge Research

Center, Bedford, Mass., (Rept. no. AFCRC

TR 59 158), June 1959, 31 p., AD 228 773.

Synchronous communication using phase

modulation . . . Amplitude modulation using an
autocorrelation receiver . . .

TRANSIENT CROSS MODULATION IN THE

DETECTION OF ASYMMETRIC SIDEBAND

SIGNALS

T. Murakami, et al., RCA Rev., vol. 20, no. 3,

Sept. 1959, p. 455/472.

• • . R is shown that product or synchronous
detectors can eliminate the effects of cross

modulation .... if two signals are present at

the detector, a sudden change in one of them

causes a spurious change in the amplitude and

phase of the other• This type of distortion will
be called transient cross talk distortion to

differentiate it from the normal cross talk between

two or more steady carriers• A later section
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shows that the transient cross talk distortion can

be many times the steady-state cross talk ....

FM RECEPTION UNDER CONDITIONS OF

STRONG INTERFERENCE

J. van Slooten, Philips Technical Review, vol. 22,

no. 11, July 1961, p. 352/360.

AN AM VESTIGIAL SIDEBAND DATA

TRANSMISSION SET USING SYNCHRONOUS

DETECTION FOR SERIAL TRANSMISSION

UP TO 3,000 BITS PER SECOND

F. K. Becker, et al., Commun. Electronics,

vol. 81, no. 60, May 1962, p. 97/101.

• . . Carrier recovery and synchronous

detection are performed in the receiver. The

system is asynchronous and will operate at any

bit speed up to its maximum. Satisfactory

operation has been achieved at 2,000 bits per

second over the switched telephone network, and

at 3,000 bits per second over equalized voice

band circuits .... appears to be economically

advantageous when compared with other systems

of the same speed capability ....

DEMODULATION AND DETECTION

EFFECIENCY OF AN UNCODED, COHER-

ENT, BIORTHOGONAL DIGITAL CHAN-
NEL IN GAUSSIAN NOISE

G. L. Fultz, JPL Space Progr. Summ.,

vol. 4, no. 37-21, April/May 1963,

p. 204/210.

In uncoded, coherent subcarrier commu-

nication systems, data is usually demodulated

from the subcarrier with a locally generated

reference and then detecting the data with a
matched filter . . . From the results of the

• . . discussion, the data demodulation and

detection efficiency of the Mariner 2 demod-

ulator was questioned and subsequently

analyzed. The results of the investigation

are presented . . .

EFFECTS OF FADING ON QUADRATURE

RECEPTION OF ORTHOGONAL SIGNALS

G. Lieberman, RCA Rev., vol. 23, no. 3,

Sept. 1962, p. 353/395.

• . . An analysis of effects of fading,

frequency instability, and noise on quadrature

reception of orthogonal signals is given...

The analysis includes effects of the shape of

the spectrum of the fading carrier. The

model assumes nonselective fading consisting

of a specular component superposed on a

Gaussian-process random component. The

measure of error probability performance

used consists of quantiles of error probability

as well as the mean probability of error.

OPTIMUM POWER DIVISION IN COHERENT

COMMUNICATION SYSTEMS

H. L. Van Trees, Lincoln Lab., Mass. Inst.

of Tech., Lexington, Feb. 19, 1963, 51 p.,

9 refs., N63-23350.
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• . . optimum way to divide the available
energy between the channel measurement and

information transfer functions• Specifically
considered is a binary symmetric, phase-
modulation system operating over a channel
which imparts a random phase modulation
to the signal and adds Gaussian noise...

Under a wide variety of conditions, the best
strategy is to devote all the available power
to modulation, and to obtain the synchronizing
information by performing some operation on

the incoming signal which removes its
dependence on the data.

ERROR PROBABILITY FOR A PARTIALLY
COHERENT BINARY COMMUNICATION

SYSTEM

A. J. Viterbi, JPL Space Progr. Stunm., vol.
4, no. 37-25, Dec./Jan. 1963, p. 171.

. . . The carrier phase, however, is never

known exactly. Typically, it is obtained from
a phase-locked loop which is tracking an auxil-

iary carrier or subcarrier. The error in the
phase estimate is a random variable . . . ex-
pression is exact for a first-order loop and is a
e!gse approximation foL- ifigher order loops . . .

t
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DIVISION 1.9

WIDEBAND AND MULTIPLEX MODULATION METHODS

Space communications systems require support in two additional areas of modulation techniques, which so

far have not been considered in their entirety in this bibliography.

One of these areas is known under a variety of names, such as wideband modulation methods, spread spec-

trum modulation systems, pulse compression encoding systems or pseudo noise communication methods.

These names designate slightly different techniques, only some of which have to date found application in

space• However, electronic techniques which offer any noise reduction advantage for a given transmitter

power and information transmission rate will be under very close scrutiny by space communications engi-

neers in the near future• We attempted to assemble all references to this speciality in subdivision 1. 920,
though many of them are also included under digital modulation techniques• The cross references will

make any such interconnections clear.

The second area of particular concern to space communications designers is multiplex modulation methods.

Multiplexing as a form of information encoding will be discussed in volume 2 of this series. However we

believe that the problems of modulating a carrier at two or more modulation levels should be a part of this

volume on modulation methods. The reader will therefore find in section 1.93 multiplex modulation methods

which use FM as the last modulation level and any other modulation method on the subcarrier level• Section

1• 94 contains references to such multiple modulation methods with phase modulation as the main carrier

modulation• Section 1• 95 is similarly devoted to AM for modulating the composite multiplex signal on the
transmission carrier.

Section 1.90

General Section on Multiplex Modulation Methods

1. 902 : Comparison of Multiplex Modulation Methods

Included: Comparison of modulation methods for radio relay links; Comparison of multiplex modu-

lation methods for telemetry.

Not Included: Fundamentals of multiplex methods (2); Diversity reception techniques (2); Practical

design of radio relay links; Telemetering system design•

Cross References: Comparison of simplex modulation methods (Div. 1• 8).

Principal Publications:

THEORETICAL ANALYSIS OF VARIOUS SYS-

TEMS OF MULTIPLEX TRANSMISSION

Landon, RCA Rev., vol. 9, June 1948,

p• 287/351; vol• 9, Sept. 1948, p• 433/482•

COMPARISON OF REQUIRED RADIO FRE-

QUENCY POWER IN DIFFERENT METHODS

OF MULTIPLEXING AND MODULATION

Nicholas, IRE Cony. Rec•, vol. 5, 1954,

p• 59/65.

COMPARISON OF PSK VS FSK AND PSK-AM

BINARY-CODED TRANSMISSION SYSTEMS

A. B. Glenn, IRE Trans. Commun• Syst.,

vol. CS-8, no. 2, June 1960, p. 87/100.

• • • in the presence of additive white

Gaussian noise • • • based on the relative pro-

bablity of error, operating range, required sys-

tem bandwidth, and system frequency instabi-

lity. The important subjects of improvement

thresholds, some aspects of statistical decision

theory, and channel characterization are briefly
discussed•
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(Correction)

A• B. Glenn, IRE Trans. Commun. Syst., vol.

CS-8, no. 4, Dec• 1960, p. 272.

• . . "Comparison of PSK vs FSK and PSK-

AM vs FSK-AM Binary-coded Transmission

Systems," which appeared on pages 87-100 of

the June 1960, issue.

THE CASE OF FM-AM VERSUS FM-FM TELE-

METRY

L. L. Rauch, Proc. Nat. Aeron. Electronics

Conf., vol. 8, May 1960, p• 450/452•

DESIGN STUDY OF AN INTEGRATED AIR-

BORNE TELEMETRY SYSTEM

Telemetering Corp. of America, Sepulveda,

Calif., Dec. 1959, AD 235 349•

• . . analysis of system performance . . .

(1) FM/FM system . . . most applicable to a

short term development program, (2) PCM/FM

• . . offer.., theoretical advantages, (3)

PDM, PPM, do not offer advantages over FM/-

FM or PCM/FM . . . (See alsoAD235 661;

AD 232 133, AD 233 527}.
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BINARYERRORRATESINFADINGFDM-FM
COMMUNICATIONS

D• E•Johansen,IRETrans.Commun•Syst.,
vol.CS-9,no.3, Sept.1961,p. 206/214•

• • • inafadingenvironmentFDM-FM• . •
it is shownthatanFDM-FMdatasystemdoes
notperformaswellasdoestheequivalent
FDM-SSBsystembyanamountin theorderof
10db•

INTERFERENCE-IMMUNITYOFA COMMUNI-
CATIONSYSTEMWITHTONALM.A_bHPU-
LATIONDURINGIDEALRECEPTION

P•A. Konstantinov,RadioEngng:Transl.of
Radiotekhnika,vol.16,no.11,1961,
p. 16/24.

ACRITERIONFORTHESTATISTICALCOM-
PARISONOFCOMMUNICATIONSYSTEMS

T• L• Grettenberg,LockheedAircraftCorp.,
Sunnyvale,Calif., (Rept.no•6-90-62-22),
Feb.1962,153p.,incl. illus., 25refs•,
AD275467.

Themethodsofcomparingstatisticalexper-
imentsareinvestigatedaspossiblecriteriafor
comparingcommunicationsystems•It is found
thatonemethodofcomparison(thedivergence
criterion)is impliedbyeachofthecomparison
criteriaconsidered.... maybeusedtose-
lectanoptimumcommunicationsystemfrom
aclassofcommunicationsystemstobecom-
pared.Thisprocedureis illustratedinfour
signal-selectionproblems.

• . ."manipulation"forcompletelyknown
signalswithtwodifferentvalues•Optimal
receivercircuitsaredetermined.Thecriterion
ofanidealobserverandtheapparatusofde-
tectiontheoryareusedfortheanalysis....
2. FM-AMTypeCommunicationSystem•In
suchacommunicationsystem,frequencymani-
pulationofthesubcarrieroscillationsandampli-
tudemodulationofthecarrier-frequencyoscil-
lationsareaccomplished. • . 3• PM-AM
TypeCommunicationSystem. . • 4. FM-FM
TypeCommunicationSystem. . . 5. PM-FM
TypeCommunicationSystem. . •

SELECTIONOFMODULATIONTECHNIQUE
FORSPACE-VEHICLETELEMETRY

E. J. Baghdady,Rec.Nat•Symp.SpaceElec-
tronics,Telemetry,Oct.1962.
. • • Thecaseof FM/AMvsFM/FMtele-

metry, andthecaseofnegativelycorrelated
(e.g•, phase-reversalkeying)vsuncorrelated
(e•g•, frequency-shiftkeying)binarysignaling.

STUDYANDEXPERIMENTALINVESTIGATION
ONSAMPLINGRATEANDALIASINGIN
TIME-DIVISIONTELEMETRYSYSTEMS

D•G.Childers,IRETrans.SpaceElectronics
Telemetry,vol•SET-8,no.4, Dec•1962,
p. 267/283•

EXPERIMENTALOPTIMIZATIONANDEVALU-
ATIONOFTELEMETRYSYSTEMS

W•F• Link,etal•, IRETrans.SpaceElec-
tronicsTelemetry,vol•SET-8,no.3,
Sept.1962,p• 239/246•

• . . A carefullaboratoryprogramtoexper-
imentallyoptimizeandevaluatefourtelemetry
systemsinwideuse(FM-FM,PAM-FM,PDM-
FMandPCM-FM)hasbeenconcluded• . .
Eachofthefoursystemswasimplementedinthe
laboratoryandthesystemundertestwasmodu-
latedbyrandomsignalsourcestypifyingactual
data....

ATTAINABLEERRORPROBABILITIESIN
DEMODULATIONOFRANDOMBINARY
PCM/FMWAVEFORMS

E. F•Smith,IRETrans.SpaceElectronics
Telemetry,vol•SET-8,no•4, Dec•1962,
p, 290/297•

• . . Comparisonisalsomadebetween
theoreticallyattainablebit-errorprobabilities
forPCM/AM,PCM/PSK,conventionalPCM/-
FM(i. e• frequencymodulatingasingleoscil-
lator)and"switchedPCM/FM"(i. e. switching
betweentwooscillatorsofdifferentfrequencies).

• . . Inparticular,theresultsapplytothe
commonlyusedPAM-FM,PDM-FMandPCM-
FMtelemetrysystemsandPACM-FM ....

POTENTIAL AND REAL NOISE IMMUNITY

OF A MULTICttANNEL RADIOTELEMETER-

ING SYSTEM OF PAM-FM TYPE IN THE

PRESENCE OF WEAK FLUCTUATION NOISE

A. F. Fomin, Radio Eng_g: Transl. of

Radioteldmika, vol. 17, no. 8, Aug. 1962,

p. 8/12.

The article determines the potential noise

immunity of a radiotelemctcring system of PAM-

FM-FM type. It compares the potential noise

immunity of PAM-FM-FM, PAM-FM and FM-

FM systems ....
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Related Publications:

PRACTICAL CONSIDERATIONS IN THE DE-

SIGN OF MINIMUM BANDWIDTH DIGITAL

FREQUENCY MODULATION SYSTEMS

USING GAUSSIAN FILTERING

W. L. Glomb, IRE Trans. Commun. Syst.,

vol. CS-7, no. 4, Dec. 1959, p. 284/290.

• . . The relationship between peak deviation

and system threshold is explored and an opti-

mum deviation established. The location of the

Gaussian filters in the system is discussed . . .

These results have been applied to a 2000-mc
communication equipment.

• . . The system under discussion will be

assumed to be a PTM-FM or a PCM-FM system.
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REQUIREDSIGNAL-TO-NOISERATIOS,RF
SIGNALPOWER,ANDBANDWIDTHFOR
MULTICHANNELRADIOCOMMUNICATIONS
SYSTEMS

E. F. Florman,etal•, NationalBureauof
Standards,Boulder,Colo.,(Technicalnote.
no.100),July1960,ref., Jan.1962,182p.,
incl. illus., tables,52refs.,AD288285.

INFORMATIONTRANSFEREFFICIENCYOF
WIDEBANDCOMMUNICATIONSYSTEMS.
PARTII. BINARYCOMMUNICATIONS
SYSTEMSUSINGWIDEBANDSIGNALS

J. C. Hancock,etal., PurdueU.Schoolof
ElectricalEngineering,Lafayette,Ind.,
Finaltech.rept.June1961- June1962
onimprovedInformationTransferEfficiency
ofWidebandSystems.,July1962,151p.,
incl. illus., 16refs., (ASDTDR62-611,
pt. 2),AD284451.

Contents:Theanalysisofbinarysystems
(usingasignal-spaceconcept)Linearre-
ceiversTheapplicationoflinearreceivers
NonlinearreceiversApplicationsofnon-
linearreceiversTimecompressionmethods
Adaptivereceivers.

TELEMETRYCONSIDERATIONSFORLARGE
SPACEVEHICLES

J. E•Rorex,etal•, IRETrans.SpaceElec-
tronicsTelemetry,vol.SET-8,no.2,
June1962,p. 135/138.

• . • Somesignificantcharacteristicsof
specifictelemetrymultiplexingandmodulation
techniquesarepointedout• Thecontributions
toreal-timedatarequirementssuchasvehicle

prelaunchmonitoringandcheckoutthatcanbe
madebytelemetrytechniquesaredescribed•

(NoTitle)
J. J. Tsimbidis,Motorola,Inc., Chicago,Ill.,

Quarterlyprogressrept.no.3, 11March-
10June1962,10June1962,Iv, incl. illus.
tables,AD282947.

Resultsobtainedinback-to-backwhitenoise
testingofthevariousmodems. . . Problemsof
crosstalkandtransmissionlevelsencounteredin
theAN/TCC-7whitenoisetestsare. . . dis-
cussed.... Theamplitudeanddelaycharac-
teristicsoftheAN/VRC-12radiosetarepre-
sentedingraphicalform.... Noisequieting
curvesoftheAN/TRC-24radiosetaredis-
cussedandtheperformanceofthevariousmo-
demsovertheradiosetoperatingnearandon
theFMthresholdis reported•Theresultsof
fieldcabletestingofthemodemsarepresented
intabulatedformwithamoredetaileddiscus-
sionofhitsanddropoutsinthistransmission
link.

PAM,PDM,ANDPCMTECHNIQUESIN
APPLICATIONTODIGITALTELEMETRY
ONVOICEBANDWIDTHFACILITIES

C.Yanis,etal., IEEETrans.Commun.
Electronics,no.66,May1963,p. 139/151.

• . . Therequirementsofthesetelemetry
modesintermsoflinkconditions,toneequip-
ment,andterminalequipmentisexamined.
Conclusionsarereachedregardingadapatability
tohighspeed,multiplexing,andhardwarere-
quirements.

Section 1.92

1. 920: Wideband Modulation Methods

Included: Pulse compression transmission systems; Swept frequency modulation techniques; Pulse

stretching techniques; Linear FM radar pulse compression techniques; Spread spectrum trans-

mission systems; Data systems with high time-bandwidth products; Bandwidth expanding modulation

methods; Systems using PN sequences as wideband signals; Chirped transmission signals; FSM

(=frequency slope modulation) wide band signals; Frequency spreading techniques.

Not Included: Detection and decision theory (2); Multiple access systems (2); RADA random

access discrete address systems (2); PN codes (2).

Cross References: Spread spectrum waveforms (1.316); Digital sequences as data transmissions

waveforms (1. 314); Matched filter extractors (1. 372); Correlation receivers for data transmissions

(1. 373); Pulse slope modulation (1. 482).

Principal Publications:

A COMPARISION BETWEEN PULSE AND

FREQUENCY-MODU LATION ECHO-
RANGING SYSTEMS

L. Kay, J. Brit. Instn. Radio Engrs., vol. 19,
Feb. 1959, p. 105/117.

A general theory of the operation of fre-

quency-modulation systems has been developed

which can be applied to either Asdic or Radar,

and the information obtained from such a system
is compared with that from a conventional

pulse system and a multipulse system.

PULSE COMPRESSION- KEY TO MORE

EFFICIENT RADAR TRANSMISSION

C.E. Cook, Proc. IRE, vol. 48, no. 3,

March 1960, p. 310/316.
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THE CORRELATION FUNCTIONS AND

ENERGY SPECTRA OF FM RADAR

SIGNALS

S.E. Fal'kovich, Radio Engng: Transl. of

Radiotekhnika, vol. 15, no. 12, 1960,

p. 16/24.

• . . assumption that the duration T of the

signal is the same as the duration of . . . the

modulation period • . . it is supposed that the

signal can be regarded as a frequency-

modulated oscillation . . .

THE THEORY AND DESIGN OF CHIRP

RADARS

J.R. Klauder, et al., Bell Syst. Tech. J.,

vol• 39, no. 4, July 1960, p. 745/808.

• . . A long high-duty factor transmitted

pulse, with suitable modulation (linear fre-

quency modulation in the case of Chirp), which

covers a frequency interval many times the

inherent bandwidth of the envelope, is

employed ....

WIDE-BAND CARRIER COMMUNICATIONS.

VOL I. AMPLITUDE MODULATION

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif., (Rept. no. LMSD-704011),

vol. 1, Oct. 1960, lv., AD 253 281.

• . . Wide bandwidth carriers are defined

as time functions with unmodulated bandwidths

much wider than that of the intelligence to bc

transmitted. Both predictable and random
carriers are considered in some detail ....

WIDE-BAND CARRIER COMMUNICATIONS•

VOLUME II. FREQUENCY MODULATION

OF RANDOM CARRIERS

J.J. Spilker, Jr., Lockheed Aircraft Corp.,

Sunnyvale, Calif., 1 Jan.- 18 March 1960,

(Rept. no. LMSD-704016, vol. 2), Oct.

1960, lv., AD 253 282.

• . . transmitting a frequency band of

random energy in two forms; a reference

carrier is transmitted on one frequency band,

and a frequency-shift modulated version of

the reference carrier is transmitted on a

second band not overlapping the first ....

CORRELATIONAL AND SPECTRAL

TECItNIQUES IN MODERN COMMUNICATION
AND CONTROL SYSTEMS

N.D. Diamantides, Elect. Engng., vol. 80,

no. 11, Nov. 1961, p. 860/865.

• • • the general and/or special purpose

computer is an indispensable tool ....

CORRELATION RADAR USING PSEUDO-

RANDOM MODULATION

W. Fishbein, et al., IRE Internat. Conv. Rec.,

vol. 5, March 1961, p. 259/277•

• . • operating with continuous transmission

and provides unambiguous range and velocity

information. The range and velocity information

is obtained by phase modulating the transmitter

with a pseudo-random waveform and correlating

returned echoes with a delayed replica of the

modulating signal . . . a radar operating at a

frequency of 10,000 MC and having an 18"

diameter antenna would require only 100

microwatts of transmitter power in order to

detect a one square meter target at a range
of 1000 meters.

THEORY AND APPLICATIONS OF

CORRE LATION TECHNIQUES

P.H. Haas, Air Force Inst. of Tech., Wright-

Patterson Air Force Base, Ohio, (Rept.

no. GE/EE/61-6), Aug. 1961, 68p.,
AD 270 272.

Master's thesis . . . A survey . . . as

applicable to the statistical analysis of

communications is presented . . . Corre-

sponding frequency domain relations in

terms of the power-density spectrum are

also developed.

WIDE-BAND CARRIER COMMUNICATIONS.

VOLUME III. BINARY COMMUNICATION

BY MEANS OF NOISE SAMPLES

R.L. Lucdtke, et al. , Lockheed Aircraft

Corp., Sunnyvale, Calif., (Rept. no.

LMSD-704048, vol. 3), Nov. 1961, lv.,
AD 253 283.

A novel and easily instrumented technique
of binary communications is described . . . A

short elaboration is g2ven on the low detect-

ability of the signal by an unfriendly observer

while operating at low signal-to-noise
ratios . . .
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CIIANNEL CAPACITY AND INTEGRATION

TIME IN TELEMETRY

E.C. Posner, et al. , JPL Res. Summary,

no. 36-11, Aug. -Sept. 1961, p. 27/29.

. . . Suppose it is desired to transmit

information over this channel by sending

binary digits of equal length t . . . The

length t is chosen so as to maximize the

channel capacity in bits per second of the

resulting binary symmetric channel ....

if near error-free transmission is desired,

the capabilities of usable codes must be
taken into account .... t should be chosen

• . . so as to maximize the near error-free

transmission rate obtainable with usable

codes• This is a complicated optimization

problem.

POWER SPECTRA OF SIGNALS MODU-

LATED BY RANDOM AND PSEUDORANDOM

SEQUENCES

R.C. Titsworth, et al., Jet Propulsion Lab.,

Calif. Inst. of Tech., Pasadena, (Rept.

32-140), Oct. 1961, 45 p., AD 268 119.
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• . . concerned with the spectral distribution

of signals coherently modulated by discrete

random and randomlike sequences which change

state only at integral multiples of some basic

time division t sub 0. In general, a sequence

may modulate signals randomly or in some

fixed deterministic fashion. Furthermore,

deterministic processes may be constructed to

possess certain randomlike qualities. Special

attention is directed to Markov chains and linear

pseudorandom sequences; the signals selected

by the modulation process are not restricted

to any one class, and examples are given for

sinusoids and square waves• Specifically, the

effects of carrier-signal waveform and type of

sequence upon the over-all power spectrum
are considered• In the case of sinusoidal

modulation, the effect of phase shift is

investigated.

SPECTRUM CONSERVATION THROUGH

FREQUENCY SPREADING

H. Wamboldt, Proc. Nat. Aerospace Electronics,

Conf., vol. 9, May 1961, p. 319/324.

In general there are three possible ways

(other than FM) in which r-f energy may be

spread out. One... whereby.., sidebands

• . . spread out over a relatively broad band

• . . Another method . . . by so-called

correlation techniques. The other, which will

be discussed more fully hereafter, will be

referred to as frequency-hopping...

A STUDY IN DEMODULATION TECHNIQUES

J.A. Webb, Proe. Nat. Telemetering Conf.,

May 1961, p. 10-45/10-58.

• . . to explore spread-spectrum techniques,

and to discuss the us e of these techniques for

secure communication purposes. Receiver
characteristics and lock-on criteria for signal

recovery are also discussed ....

THE EFFECT OF FREQUENCY-COMPRESSIVE
FEEDBACK UPON ADDITIVE DISTURB-

ANCES IN WIDEBAND-FM SYSTEMS

E.J. Baghdady, IRE Internat. Conv. Rec., Pt. 8,

vol. 10, March 1962, p. 110.

• . . theoretical analysis• . . of particular

relevance to communications via earth satellites

are the various aspects of the performance in

the presence of random-fluctuation noise• It is

shown, for example, that the performance in

the presence of noise of frequency-compressive

feedback loop depends primarily upon the

convolution of the envelope of the impulse

response of the IF filter and the impulse response
of the low-pass filter within the loop ....

SYSTEM PERFORMANCE IN THE

PRESENCE OF STOCHASTIC DELAYS

W.M. Brown, et al., IRE Trans. Inform. Th.,

(Intern. Symp. Brussels 1962), vol. IT-8,
no. 5, Sept. 1962, p. 206/214.
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• . . With the advent of sophisticated data-

processing systems using high time bandwidth

products, it becomes necessary to consider

the effects of stochastic delays• Depending

on the particular application, the mathe-

matical process to be considered is either

a stochastic process of a stochastic process

or a function of a stochastic process ....

EFFECTS OF PHASE-MODULATION ERRORS

ON PULSE COMPRESSION SIGNALS

C.E. Cook, IRE Internat. Conv. Rec., Pt. 4,

vol. 10, no. 5, March 1962, p. 174/184.

• . . Paired-echo theory has been used to
describe the effects of network and time-

function distortions (both amplitude, and phase)

of pulsed signals. The advent of coded-wave-

form techniques (e. g., pulse compression)

that generate waveforms having sidelobes

extending in time has led to the application of

paired echo theory in the establishment of

design criteria for modern radar techniques.

This paper introduces somewhat more general

conditions into the paired echo analysis as a

basis for conducting experimental work on

the effects of phase-error modulation of the

time signal in a pulse compression system•

RF PULSE-COMPRESSION STUDY

J.G. Ferguson, Lockheed Electronics Co.,

Plainfield, N.J., 1 July - 31 Dec. 1962,

10 p. , AD 407 986.

This study of r-f pulse compression is an

experimental one aimed at realization of a

wideband pulse expansion/compression

capability at microwave frequencies ....

feasibility of using all-pass networks
employing distributed-circuit strip trans-

mission lines, hybrid networks, and printed-

circuit resonators at a frequency of about

3,000 mc with a bandwidth approaching
400 mc . . .

ON THE USE OF PULSE COMPRESSION

FOR THE ENHANCEMENT OF RADAR

ECHOES FROM DIFFUSE TARGETS

(Correspondence)

D. Fryberger, Proc. IRE, vol. 50, no. 9,

Sept. 1962, p. 1993/1994.

A diffuse radar target is one which is made

up of a large number of discrete targets each of

which is quite small• The specific example

is a weather cloud which is composed of

myriads of water droplets ....

INFORMATION TRANSFER EFFICIENCY

OF WIDEBAND COMMUNICATION

SYSTEMS• PART II. BINARY COMMUNI-

CATIONS SYSTEMS USING WIDEBAND

SIGNALS

J.C. Hancock, et al., Purdue U. School of

Electrical Engineering, Lafayette, Ind.,

Final tech. rept., (ASD TDR 62-611, pt. 2),

June 1961 - June 1962 on Improved Information
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Transfer Efficiency of Wideband Systems, July
1962, 151 p., incl. illus. 16 refs., AD 284451.

Technical Report No. 3, 1 Dec• 1963,

49 p. refs., AD 425 862, N64-13890.

Contents: The analysis of binary systems

(using a signal-space concept). Linear

receivers. The application of linear

receivers. Nonlinear receivers. Applications

of nonlinear receivers. Time compression

methods. Adaptive receivers.

WEIGHTED STATISTICAL AVERAGES AS A

MEANS OF CALCULATING MULTIPLIER

OUTPUTS AND CARRIER POWERS FOR

NOISE MODULATED CARRIERS

C.E. Gilchriest, JPL Space Progr. Summ.

vol. 4, no. 37-16, June -July 1962,

p. 87/92.

Weighted mean averages have proved to be a

very convenient tool in the analysis of
correlation detectors when the reference signal

has noise modulation in phase, or equivalently,

modulation in time. In particular, the first

moment is capable of yielding the average

correlator output or, equivalently, the amount

of power remaining in the carrier under the

noisy phase modulation process.

THE THRESHOLD EFFECT IN MODULATION

SYSTEMS THAT EXPAND BANDWIDTH

D• Slepian, IRE Trans. Inform. Th• (Intern.

Symp• Brussels 1962), vol. IT-8, no. 5,

Sept• 1962, p. $122/127.

• . . presents curves which are believed to

represent the best thresholds obtainable with

practical modulators that expand bandwidth and

operate instantaneously on the baseband signal.

The model from which the curves are obtained

is described in detail.

• . . a technique known as composite code

synchronization in which individual element

codes of the composite can be synchronized

individually . . . The detectability of the

elements decreases as the square root of

the number of elements. Optimum strategies

for communication and jamming imply the

use of the majority Boolean function of the

elements which are in synehrony. Time

averages are computed on an ensemble

assumption by using a truth table in which

each entry is equally probable.

OPTIMUM POWER ESTIMATES WITH

SMALL SAMPLES

I. Eisenberger, et al•, JPL Space Progr.
Summ•, vol. 4, no. 37-25, Dec• - Jan.

1963, p. 200/205•

Consider the problem of detecting a

narrow-band Gaussian signal embedded in

independent wide-band white Gaussian

noise• Suppose that the shape of the spectrum

of the signal is known, but not the amplitude,

and that the spectral density of the noise is

known (it is flat, of known amplitude).

Suppose a short sample of the signal-plus-

noise is received• What is the optimum way

to measure the power in the signal? For long

samples of signal-plus-noise, the answer is

known-matched filtering, matched to the

signal spectral shape• This note discusses

the case of short samples, Where it can not be

assumed that the response of filters which would

be used is the steady-state response•

STUDY OF SAC BASE NON-TACTICAL

RADIO SYSTEMS

ITT Communications Systems, Inc., Paramus,

N• J., Rept• no. 62TR72, ESD TDR 63 688,

31 Aug. 1962, 18 p., AD 429 829.

RF PULSE-COMPRESSION STUDY

J. G• Ferguson, Lockheed Aircraft Corp.,

Burbank, Calif., Quarterly progress rept.

no. 4 for period ending 1 April 1963.

1 April 1963, 10 p., AD 412 508.

• . . A discussion of the new spread

spectrum systems is also presented ....

existing systems and conventional equipment,

with one exception, meet the present

operating requirements .... Random

access discrete address type systems are

not recommended for this application.

PULSE COMPRESSION TECHNIQUES

(Correspondence)

M. Bern.field, Proc. IEEE, vol. 51, no. 9,

Sept. 1963, p. 1261.

• • .This communication presents a

theoretical comparison of . . . pulse

compression techniques ....

A DISCUSSION OF SPREAD SPECTRUM

COMPOSITE CODES

D.J. Braverman, Aerospace Corp., E1

Segundo, Calif., Communications Systems

• . . to determine the feasibility of using all-

pass networks employing distributed-circuit

strip transmission lines, hybrid networks, and

printed-circuit resonators at a frequency of about

3000 Mc with a bandwidth approaching 400 Me.

• . • The design and construction was completed

of a time-domain test set for demonstration

pulse expansion/compression by the use of the

delay line.

A PULSE COMPRESSION SYSTEM EMPLOYING

A LINEAR FM GAUSSIAN SIGNAL

E.N. Fowle, et al., Proe. IEEE, vol. 51, no. 2,

Feb. 1963, p. 304/312•

• . . A signal of Gaussian envelope and linear

frequency modulation is shown to have an auto-

correlation function of Gaussian shape ....

design and construction of equipment used to

generate and receive the signal...
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A CLASS OF NOISE RADAR SYSTEMS

M.P. Grant, et al., l>roc. IEEE, vol. 51,
no. 7, July 1963, p. 1060/1061.

. . . The ambiguity diagram, which is a
graphical presentation of the time and frequency
autocorrelation of the transmitted signal, displays

the expected ambiguities in range and Doppler
determinations made by the system. Techniques
such as chirp radar and use of pseudorandom
pulsing decrease the ambiguities. It is apparent
that the continuous transmission of true wide-

band noise would eliminate all ambiguities. This

has not been exploited because of the difficulties
of transmitting such noise in an efficient manner.
Several mitigating possibilities remain open,
however: 1) Signal processing... 2) The use
of naturally occurring noise ....

TAPPED DELAY LINE SYNTHESIS OF LARGE
TIME BANDWIDTH SIGNALS

R.D. Haggarty, MITRE Corp., Bedford, Mass.,
Rept. no. TM3535, ESD TDR 63 180,
June 1963, 19 p., AD 409 295.

A method is presented for linearly generating
large time-bandwidth signals by tapped delay
line filter synthesis techniques . . . The

technique does not make use of many elements
which are found in most conventional pulse
compression systems. In particular, dispersive
networks, mixers, frequency synthesizers,
and precision bandpass filters are not required.

Consequently, the total number of components
is small, even for time-bandwidth products
of a few thousand, thereby making it feasible
to obtain good peak signal to "hash" sidelobe
levels at the matched filter output.

A DIGITAL WIDE-BAND NONLINEAR
RECEIVER CAPABLE OF NEAR
OPTIMUM RECEPTION IN THE PRES-
ENCE OF NARROW-BAND INTER-
FERENCE

J.C. Hancock, et al., IEEE Trans. Commun.
Syst., vol. CS-11, no. 3, Sept. 1963,
p. 272/279.

In a wide-band communication system the
additive disturbances in the channel are less

likely to be white Gaussian noise than in
narrow-band links .... illustrates how
linear receivers can be made more

optimum by incorporating a nonlinear trans-
formation which precedes detection. Narrow-

band AM stations are assumed to be the only
additive disturbance in the channel. Adaptive
techniques are also suggested...

APPLICATION OF SWEPT-FREQUENCY
MODULATION TECHNIQUES TO PCM
TELEMETRY

E.K. Holland-Moritz, et al., Institute of
Science and Tech., U. of Michigan, Ann
Arbor, Final rept., May 1962 - Aug. 1963,
Rept. no. 5097 17F, Jan. 1964, 122 p.,
AD 432 244.
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. . . It compares optical, acoustic, and

electrical techniques for generating and
processing SFM signals, and it discusses
the effects of doppler shift and multipath
propagation on PCM/SFM signals ....

OPTIMUM USE OF SPACE-TIME SIGNALS

A.A. Kuriksha, (Radiotekhnika i Elektronika,
vol. 8, April 1963, p. 552/563.) (In Russian)
Radio Engineering and Electronic Physics,
vol. 8, April 1963, p. 595/605, 8 refs.,
Translation, A64-15213.

A WIDEBAND COMMUNICATION SYSTEM

USING FREQUENCY SLOPE MODU-

LATION (FSM)
H.G. Lafuse, Proc. Nat. Electronics Conf.,

vol. 19, Oct. 1963, p. 346/357.

. . . Experimental data from an FSM

system operating at C-band with a bandwidth
of approximately 60 megacycles is presented
• . . serves to establish the feasibility of
wideband communication systems.

THE DETECTION OF CHIRPED RADAR
SIGNALS BY MEANS OF ELECTRON

SPIN ECHOES

W.B. Mims, Proc. IEEE, vol. 51, no. 8,
Aug. 1963, p. 1127/1134.

. . . In a typical system the transmitted
pulse is subjected to a linear frequency sweep
and extends over a considerable period of time.
When this waveform returns from the scattering
object, a device in the receiver delays the
earlier portions in such a way that all the
received energy is concentrated into a short
pulse . . . One way of obtaining the differential
delay of frequency components is by passing the

received signal through a dispersive network.
An alternative scheme involving the generation
of electron spin echoes is suggested here. It is
readily adaptable to waveforms having a variety

of frequency sweeping functions, and it offers the
possibility of operating with exceptionally high
time compression factors ....

STRETCHING PULSES WITH THE LINK

STRUCTURE

D. Mitchell, Cornell U. School of Electrical
Engineering, Ithaca, N.Y., Rept. no. TR 78,
Jan. 1964, 53 p., AD 432 967.

A theoretical and experimental study of a
pulse-stretching network using the link structure

is presented. The Bessel filter has a good low-
pass approximation of the ideal transmission
line for use in the link structure .... used in

taking photographs of a 5-ns input pulse and the
resulting output pulse . . .

SIGNAL-TO-NOISE RATIO ANALYSIS OF A

SYSTEM CONTAINING A SQUARE LAW
DETECTOR AND A LIMITER

T. Nishimura, JPL Space Progr. Suture., vol. 4,
no. 37-21, April - May 1963, p. 161/167.
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In the system to be analyzed, a PN sequence
on-off modulates an RF carrier, and the

resulting signal is then contaminated by additive

white Gaussian noise before it is demodulated by

a square law detector followed by a limiter.

CODED PULSE RADAR (CORRELATION RADAR

USING RANDOMLY CODED PULSE)

T. Sakamoto, et al., In: International

Symposium on Space Technology and Science,

Tokyo, Japan, August 27-31, 1962, 4th

Proceedings, Edited by Tamiya Nomura,

Tokyo, Japan and Rutland, Vt., Japan

Publications Trading Co., 1963, p. 586/591,

A64-15039.

. . . improving the performance of long-

range-radar systems . . . the product of signal

bandwidth and duration, namely, the radar

response function, should be sharply defined
and possess a low side-lobe . . . laboratory

experiments were carried out... High range

resolution is accomplished by modulating the

phase of the carrier of transmitted pulse.

Pseudo-random sequence generated by using

a feedback shift register is utilized as a

modulating signal.

WIDE-BANDWIDTH COMMUNICATIONS

L.S. Schwartz, Space/Aeronautics, vol. 40,

Dee. 1963, p. 84/89, A64-12905.

Discussion of the ability of wide-band-

width systems to solve practical situations,

problems of traffic density, of operation in

the face of jamming, and of channel availa-

bility . . . communications satellite systems

sooner or later will require wide spectrum
width ....

A STUDY OF CORRELATOR BEHAVIOR

USING "NON STATIONARY" SIGNALS,
PART I

W. G. Shesnut, G. C. Dewey, and Co., Inc.,

New York, Rept. no. R127 i, 17 June

1963, 54 p., AD 411 249.

. . . developing the expected correlation

behavior of analog and clipper correlators

processing non-stationary signals . . . Non-

stationary noise may degrade analog

processing gain whereas it appears to improve

the processing by the clipper eorrelator.
The development is restricted to the case of

small signals buried in noise . . .

POWER REQUIRED TO JAM A
SATELLITE REPEATER

F.F. Yates, Aerospace Corp., E1 Segundo,

Calif., Materials Science Lab., (SSD-

TDR-63-203; TDR-269(4111)-3; AD428 375,

Dec. 1963, 18 p. , refs. , N64-14344,
AD 436 812.

A general expression is derived for the

ratio of interference power to si_,mal power

required at the terminals of the receiving

antenna of a communication satellite (in the
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bandpass of a communication channel} to

reduce the performance of the channel to

any specified minimum condition. The

expression may be applied to the analysis

of spread-spectrum multiple access systems

as well as to the analysis of jamming

vulnerability.

COMPARISON OF SIGNALLING EFFICIENCY

IN WIDEBAND COMMUNICATION SYSTEMS

J.W• Ye, Mitre Corp., Bedford, Mass., Rept.

no. TM3851, ESD TDR63 437, Oct. 1963,

15 p•, AD 422 599.

• . . comparing the system performance
improvement in a coded correlation communi-

cation system under heavy jamming environment

for the following forms of message eneoder and

decoder: (1) simple reduction of the transmission

rate, (2) simple reduction of the same symbol,

and (3) application of error-correcting codes.

The error-correcting codes were found to

perform uniformly better than the other two
schemes ....

A LINEAR-FM RADAR PULSE COMPRESSION

SYSTEM EMPLOYING THICKNESS-

TAPERED DISPERSIVE DELAY LINES

R.C. Yost, Lincoln Lab., Mass. Inst. of Tech.,

Lexington, Technical rept. no. 321;

ESD TDR63 551, 11 July 1963, 20 p.,
AD 417 528.

• . . employs a linear-FM signal. At the

option of the operator, the shape of the signal

envelope can be made rectangular, Butterworth,

or Gaussian. Ultrasonic dispersive delay lines

that are thickness-tapered to provide a linear

group time delay characteristic over a fre-

quency band of 2 mc are used as the signal

expansion and compression devices. For the

poorest care, the time sidelobes in the receiver

output waveforms are shown to be 35 db below

the peak response.

WEAK SIGNAL COMMUNICATION TECHNIQUES

Bell Telephone Labs., Inc., Whippany, N.J.,

Final rept., May 1961 - April 1963, ASD

TDR63 525, July 1963, 96 p., AD 417 037.

• . . a two-year study . . . The theoret-

ical results . . . are documented more fully

in the interim report (AD 299 219) dated April

1962. That report included.., threshold

performance of FMFB demodulators, analysis

of FSK systems with noise-like signals, and

determination of group code performance. The

present report contains . . . threshold bounds

for analog communication systems . . . use of

binary group codes on the gaussian noise channel;

and a more complete analysis of the performance

of multilevel FSK systems which employ noise-

like signals. An octary system, a breadboard

version implemented under this program, is
described in detail.



Related Publications:

MEANS FOR COUNTING "EFFECTIVE"

NUMBERS OF OBJECTS OR DURATION OF

SIGNALS (Correspondence)

R. Lerner, Proe. IRE, vol. 47, Sept. 1959,

p. 1653.

. . . if a signal has approximate duration T

and approximate bandwidth W, it can be

specified by approximately 2 TW numbers or

coefficients. In dealing with signals of large

time-bandwidth product, it is customary to

speak of the "effective" number of degrees of

freedom as the number of these coefficients

that are "sufficiently" large. Except in the

case of band limited signals, however, no

means of computing the "effective" number of

degrees of freedom has been suggested•

A METHOD OF OBTAINING ARBITRARY

PHASES OF AN M-SEQUENCE

R.C. Curry, Rochester U., N.Y., Nov.

1960, 44 p., AD 248 455.

. . . If an m-sequence is generated by an

N-stage shift register which has been

modified by the addition of logical feedback,

a sequence delayed by up to a maximum of

((2 to the power N)-I) digits can be obtained

by adding modulo 2 the outputs of various

stages of the shift-resister generator. A

method is given for determining from which

stages the outputs should be added to obtain

any specified delay . . . Also described is
the network of modulo 2 adders which are

used to obtain the delayed sequence. A

program is given in the appendix for

generating the phase-table with a digital

computer (IBM 650).

GENERATION OF A SAMPLED GAUSSIAN

TIME SERIES HAVING A SPECIFIED

CORRELATION FUNCTION

M.J. Levin, IRE Trans. Inform. Th.,

vol. IT-6, no. 5, Dee. 1960, p. 545/548.

A computationally convenient method is

presented for simulating a sequence of

sampled values of a stationary Gaussian

process having a specified correlation

function or power spectrum. Z-transform

theory is applied to provide a simple

recursive formula for generating the values

from a set of independent Gaussian random
variables.

A STUDY OF NANOSECOND PULSE

TECHNIQUES IN RADAR TRANSMISSION

C.G. Bachman, Cornell Aeronautical Lab.,

Inc., Buffalo, N.Y., (Rept. no. UB-1426-

2-1), (RADC TR 61-247), 27 Feb. 1961,

299 p., AD 268 880.

DEMODULATION OF A PHASE-MODU-

LATED NOISE CARRIER

P. Bello, IRE Trans. Inform. Th., vol. IT-7,

no. 1, Jan. 1961, p• 19/27.

445

1. 920

THEORY AND APPLICATIONS OF

CORRELATION TECHNIQUES

P.H. Haas, Air Force Inst. of Teeh.,

Wright-Patterson Air Force Base, Ohio,

Master's thesis, (Rept. no. GE/EE/61-6),

Aug. 1961, 68 p., 13 refs., AD 270 272.

A survey.., as applicable to the statistical

analysis of communication is presented.

Corresponding frequency domain relations in

terms of the power-density spectrum are also

developed.

THE OUTPUT SPECTRAL DENSITY OF A

DETECTOR OPERATING ON A F.M.C.W

RADAR SIGNAL IN THE PRESENCE OF

BAND-LIMITED WHITE NOISE

J. Lair, et al., Proe. Instn. Elect. Engrs.,

Part C, vol. 108, no. 13, March 1961,
p. 197/207.

• . . Expressions for spectral density are

derived separately for both quadratic and linear

detectors, and the question of optimum pre-

detector bandwidth is examined. Finally, the
authors consider how signal/noise ratio will be

affected by choice of bandwidth in stages which
follow the detector ....

SOME RESULTS OF NEW CLASSES OF

MATCHED FILTERS

D• Middieton, Rand Corp., Santa Monica, Calif.,

(Rept. no. RM-2625) 12 July 1961, 34 p.,

AD 261 027.

• . . the design criterion is the automatic

decision process that occurs when the signals
are detected or measured in noise ....

conceived theoretically, and the approach is

indicated to their design and construction for
actual use.

PERFORMANCE OF DIGITAL COMMUNICATIONS

SYSTEMS IN AN ARBITRARY FADING RATE

AND JAMMING ENVIRONMENTS

A.B. Glenn, et al., Conf. I>roc. Nat. Cony. Mil.

Electronics, vol. 6, June 1962, p. 168/173.

• . . The first system employs large band-

width signal duration product (WT) orthogonal

signals with quadrature detection ....

THE GENERATION OF IMPULSE-EQUI-
VALENT PULSE TRAINS

D.A. Huffman, IRE Trans. Inform. Th.,

(Intern. Syrup. Brussels 1962), vol. IT-8,

no. 5, Sept. 1962, p. $10/16.

The necessary and sufficient conditions for

a function to be the autocorrelation function of

a waveform consisting of a finite length train

of pulses of various amplitudes is derived.

The number of pulse trains having a given
realizable autocorrelation function is deter-

mined. An "impulse-equivalent" pulse train

is defined as one that yields, as closely as is

theoretically possible, the same autocorre-

lation function that a single pulse gives ....
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It is demonstrated that all impulse-equivalent

pulse trains can be generated by Gxciting a

linear digital filter with two input pulses that

correspond in time to the initiation and to the

termination of the desired output sequence.

ANTI-MULTIPATH TESTS OF A RANDOM

NOISE CARRIER SYSTEM

M•A. Messineo, et al., Rome Air Devel-

opment Center, Griffiss Air Force Base,

N.Y., Final rept., AD 273 196.

• . . utilizing the transmitted reference

technique . . • Test results over a several

thousand mile, high-frequency circuit are

presented and discussed• Recommendations

are made for future applications . . .

THE EFFECTS OF DOPPLER DISPERSION

ON MATCHED FILTER PERFORMANCE

(Correspondence)
W.L. Rubin, et al., Proc. IRE, vol. 50,

no• 10, Oct. 1962, p. 2127/2128•

• . • linear FM-pulse compression falls
within the broader domain of matched

filtering . . . modifying previous expres-

sions for the "matched filter uncertainty

function, " in which Doppler has been

approximated by a simple frequency trans-
lation ....

DETECTION OF A SIGNAL MODULATING

A RANDOM NOISE CARRIER (In French)

C. Ducot, Onde Electr., vol. 43, no. 433,

April 1963, p. 452/455.

PERFORMANCE OF DIGITAL COMMU-

NICATIONS SYSTEMS IN AN ARBITRARY

FADING RATE AND JAMMING

ENVIRONMENTS

A.B. Glenn, et al., IEEE Trans. Commun.

Syst., vol. CS-11, no• 1, March 1963,

p. 57/68.

• . . The results . . . apply only for a

nonselective fading environment . . . The

first system, called the quadrature detection

system, employs large-bandwidth signal

duration product {WT) . . . The next two

systems employ a WT product approximately

equal to one ....

A TRACTABLE BERNOULLI-SEQUENCE

GENERATOR

C.C. ttoopes, I>roe. Nat. Electronics Conf.,

vol. 19, Oct. 1963, p. 282/294.

• . . implementation and evaluation of a

random-pulse-train generator• The technique

is of special interest and advantage for those

testing or working with digital equipment. The

generator is a reliable, reproducible, and

stable source of Bernoulli sequences with p

in the range 10 -3 to 10 -1 .

The Bernoulli sequence is generated by means
of a noise source in conjunction with a shift-

register generator . . .

USE OF RECIRCULATORS FOR COMPRESSING

FREQUENCY-MODULATED PULSES

V.V. Lebedev, Radio Engng: Transl. of

Radiotekhnika, vol. 18, no. 11, Nov. 1963,
p. 60/68.

The possibility of using circulating memory

devices (reeirculators) for the optimum

extraction of a frequency-modulated pulse in
noise is considered• A eomparision with the

usual filters using dispersive delay lines is
carried out ....

200 MBIT/S PSEUDO RANDOM SEQUENCE

GENERATORS FOR VERY WIDE BAND

SECURE COMMUNICATION SYSTEMS

R.A. Marolf, Proe. Nat. Electronics Conf.,

vol. 19, Oct. 1963, p. 183/187.

• . . The generators are of the re-fed shift

register type, whereby the shift register can

easily be expanded by regular transmission lines

to generate extremely long sequences. The

Pumped Tunnel Diode Transistor Logic (PTDTL)

circuit is used in the shift register and feedback

logic circuit. Stable operation is ensured by

wide tolerances on dc bias and "pump" voltages•

THE RESPONSE OF AN AUTOMATIC PHASE

CONTROL SYSTEM TO FM SIGNALS AND

NOISE

D.L. Schilling, Proc. IEEE, vol. 51, no. 10,

Oct. 1963, p. 1306/1316.

• . . to determine its response to frequency

modulated signals, and narrow-band Gaussian

noise. Emphasis is placed on the system's

response to signals having "ramp" type FM.

The response . . . is obtained using a pertur-

bation and piecewise linear technique. The

response of the system to noise is obtained using

an iteration technique. The complete response
. . . is then discussed.
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THE RESPONSE OF AN AUTOMATIC PHASE

CONTROL SYSTEM TO AN FM SIGNAL

IN THE PRESENCE OF GAUSSIAN NOISE

D.L. Schilling, IEEE Internat. Cony. Rec.,

Pt. 8, vol. 11, March 1963, p. 242/246.

• . .An Automatic Phase Control (APC)

System is analyzed to determine its response

to an FM signal and additive narrowband

gaussian noise• Emphasis is placed on the

system's response to a "ramp" type FM

signal when the input S/N ratio is less than

unity .... portion of a Doctoral Dissertation

SYNCHRONIZATION OF COItERENT DETECTORS

I. Selin, et al., IEEE Trans. Commun.

Syst., vol. CS-11, no. 1, March 1963,

p. 100/109•

The estimation of carrier frequency and

subcarrier epoch in a coded - "noise" commun-

ication system is discussed ....
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Section 1.93

Multiplex Modulation Methods with FM Carrier Modulation

1• 932: Analog Multiplex Modulation Methods with FM Carrier

Included: FM/FM modulatioD; SS/FM modulation; FDM/FM multiplex modulation methods;
_FM multiple-: modulation method; Triple FM modulation.

Not Included: Frequency division multiplex fundamentals (2); Design of telemetry systems.

Cross References: Analog simplex modulation methods (Div• 1• 2); Fundamentals of frequency
modulation (1. 232); PAM/FM multiplex modulation methods (1. 933); PAM/FM/FM modulation

(i• 933)•

Principal Publications:

A TRANSISTORIZED FM/FM TELEMETERING
SYSTEM

R. E• Colander, et al., IRE Trans. Telemetry

Remote Contr., vol• TRC-1, no. 2, May
1955, p. 20/24•

A NOTE ON THE FREQUENCY DISTRIBUTION

OF AN FM/FM SIGNAL

P. B• Arnstein, IRE Trans. Telemetry Remote

Contr., vol. TRC-3, no. 2, May 1957,

p. 13/16.

THE APPLICATION OF PHASE-LOCKED LOOP

DISCRIMINATORS FOR THRESHOLD IM-

PROVEMENT AND ERROR REDUCTION IN

FM-FM TELEMETRY

C. E. Gilchriest, Jet Propulsion Lab., Calif.

Inst. of Tech., Pasadena, 7 Jan. 1957,

10 p., AD 252 556.

• . . solution to the threshold problem which

accomplishes 18-db improvement over commonly
used discriminators so that FM-FM systems

can again compete closely with any other sys-
tem ....

EXTENSION OF FM/FM CAPABILITIES

H. O. Jeske, IRE Trans. Telemetry Remote

Contr., vol. TRC-3, no. 1, April 1957,

no. 2.4, 10p.

PROGRESS REPORT ON A SOLID STATE FM-

FM TELEMETERING SYSTEM

E. Y. Politi, IRE Trans. Telemetry Remote

Contr., vol. TRC-3, no. 1, April 1957,

19p.

NOISE AND BANDWIDTH IN FM/FM RADIO
TELEMETERING

K• M. Uglow, IRE Trans. Telemetry Remote

Contr., vol. TRC-3, no. 2, May 1957,
p. 19/22.

• . . This paper discusses the derivation,

limitations, and use of system equations re-
lating input and output signal/noise ratios in

fm detection with band-pass and with low-pass
output filters and in fm/fm multiplex trans-
mission ....

COMPARISON OF THE PERFORMANCE OF

PAM-FM AND FM-FM TELEMETRY

SYSTEMS

D. Hochman, Proc. Nat. Symp. Telem.,

Sept. 1958, no. 8.2, p. 1/6.

TRIPLE-FM--A PRACTICAL METHOD FOR

INCREASING THE CAPACITY OF TELE-

METERING SYSTEMS

W. F. Janeway, Proc. Nat. Symp. Telem.,

Sept. 1958, no. 8.5, p. 1/7.

• . . In an FM/FM telemetering system,

time-division multiplexing is often applied

to individual subcarrier bands in order to get

more data channels. An alternative method

is to employ frequency-division multiplexing
of subcarriers ....

MULTICHANNEL FM/FM TELEMETERING

SYSTEM

L. Katz, et al., Proc. Nat. Symp. Telem.,

Sept. 1958, no. 9.2, p. 1/14.

TELEMETRY SYSTEMS FM/FM

F. H. Reynolds, Electro-Mechanical Research,

Inc., Sarasota, Florida, Final Engineering
Rept., Report no. AFMTC TR 58-12,

April 1958, 4 p., AD 134 285.

DISTORTION IN FM-FM SYSTEMS AND ITS

EFFECT ON SYSTEM ACCURACY

W. O. Frost, Proc. Nat. Telem. Conf.,

May 1959, p. 45/52.

SS-FM: A FREQUENCY DIVISION TELEMETRY

SYSTEM WITH HIGH DATA CAPACITY

W. O. Frost, et al., Nat. Symp. Space Elec-

tronics Telem., Sept. 1959, no. 7.2,

p. 1/14.

• . . results of a theoretical study . . . pre-

liminary design . . . single sideband AM

subcarriers on an FM carrier . . . An an-

alytical comparison with FM-FM is made of

the S/N performance of a 15 channel SS-FM

system ....
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THEDESIGNANDUSEOFCOMMUTATED
FM/FMTELEMETRYSYSTEMUSINGTHE
STANDARDIRIGCHANNELS

B. M• Hadfield,ResearchandAdvanced
DevelopmentDiv., AVCOCorp.,
Wilmington,Mass.,Rept.no.TR75913.,
23April1959,45p°,AD421696.

ANEWPRACTICALAPPROACHTOSUB-
CARRIERPRE-EMPHASIS

W.E.Hane,Proc.Nat•Telem•Conf.,
May1959,p. 151/160.

Newdesignsforfm/fmtelemetryoftenlack

a method of obtaining optimum subcarrier pre-

emphasis .... The use of an optimum pre-

emphasis curve rather than a "standard" curve

significantly increases the effective range of

a given telemetry system• However, when the

system has more than six to eight subcarrier
oscillators, the data distortion often becomes

intolerable ....

ANALYSIS OF MULTIPLEX ERROR IN

FM/FM AND PAM/FM/FM TELEMETRY

J. Schenck, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-5, no. 3,

Sept. 1959, p. 138/147.

• • . frequency division multiplex of FM

subcarriers where commutation, or pulse

amplitude modulation time division multi-

plexing, is used on one or more of the FM
subcarrier channels . . .

THE CASE OF FM-AM VS FM-FM TELEMETRY

L• L. Rauch, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no. 2, June 1960,
p. 81/84.

IMPROVED BANDWIDTH UTILIZATION FOR

FM/FM SYSTEMS USING TONE CODE

MODULATION ON BINARY MEASUREMENTS

A. A• Tyer, et al., Proc. Nat. Telemetering

Conf., May 1960, p. 489/500•

EFFECTS OF AMPLITUDE AND PHASE

FLUCTUATIONS ON THE PERFORMANCE

OF DIGITAL DATA SYSTEMS IN FADING

FDM-FM AND FDM-SSB SYSTEMS

H. D. Becker, Proc. Nat. Commun. Syrup.,

vol. 8, no. 10, Oct. 1962, p. 93/100.

• . . Emphasis is placed on theoretical

performance of differentially coherent phase-

shift keyed (DCPSK) systems in which DCPSK
data is transmitted on subcarriers over a fre-

quency-division multiplex single-sideband

(FDM-SSB) or an FDM-FM transmission sys-

tem, such as employed in typical tropospheric
scatter links ....

COttERENT FDM/FM TELEPHONE COMMUNI-

CATION

J. A. Develet, Jr., Proc. IRE, vol. 50, no.

9, Sept. 1962, p. 1957/1966.
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• . . telephone communication as applied to

a satellite repeater system• Particular em-
phasis is placed on a method of coherent recep-

tion . . . new to the field of common carrier

telephony .... for the class of signals utilized

in common carrier telephony, an attempt is made

to place on a quantitative footing the design of

FDM/FM satellite communication systems•

The interrelation among such quantities as

sensitivity, bandwidth occupancy, and channel

quality is presented for a simply realized

second-order receiving system• In addition,

the maximum sensitivity achievable with the

optimum receiving system is shown ....

POTENTIAL AND REAL NOISE IMMUNITY OF

A MULTICHANNEL RADIOTELEMETERING

SYSTEM OF PAM-FM-FM TYPE IN THE

PRESENCE OF WEAK FLUCTUATION
NOISE

A. F. Fomin, Radio Engng: Transl. of Radio-

tekhnika, vol. 17, no. 8, Aug. 1962,
p. 8/12.

The article determines the potential noise

of a radiotelemetering system of PAM-FM-

FM type. It compares the potential noise im-

munity of PAM-FM-FM, PAM-FM and FM-

FM systems ....

SS-FM: A TELEMETRY TECHNIQUE FOR
WIDE-BAND DATA

W. O. Frost, IRE Trans. Space Electronics,

Telemetry, Vol. SET-8, no. 4, Dec. 1962,

p. 283/289.

• . . The data channels are stacked in the

frequency spectrum as single-sideband sub-

carriers which frequency-modulate the RF

carrier. The system design utilizes to ad-

vantage the statistical properties of vibration

data to achieve maximum data transmission

efficiency from the available RF carrier de-

viation. However, in contrast to proposed

statical predigestion techniques, the data is

transmitted in raw form .... general de-

scription of the SS-FM vehicle and ground tele-

metry equipment utilized in the Saturn vehicle

program and a summary of system characteris-

tics and performance ....

THE AJAX FRENCH RADIO-TELEMETRY SYS-

TEM (In French)

G. Greneche, Onde Electr., vol. 43, no. 432,

March 1963, p. 286/297.

. . . a French telemetry system using sub-

carriers of the FM/FM type based on the rec-

ommendations of the American organization

IRIG (Intermediate-Range-Instrumentation-
Group) .... has been developed on a national

basis. All the operating items making it up are
manufactured in France.

PARAMETER OPTIMIZATION OF AN FM/FM
MULTICHANNEL TE LEMETRY SYSTEM

D. H. Sapp, RCA Rev., vol. 24, no. 3, Sept.

1963, p. 381/390.
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• . . discussesther-f equipmentparameters
andparameteroptimizationofther-f portionof
awidebandtelemetrysystemcontainingacom-
binationPCMandFM/FMmultiplex.The
varioussourcesofdistortioninFMsystems
arediscussedandgraphsaregiventoshowtypi-
calsaddlepointsbymeansofwhichparameters
canbeselectedtomaximizethechannelsignal-
to-noiserations.Empiricalmethodsarepre-
sentedthatgiveasystematicapproachto the
selectionoftheparametersthatmaximizethe
amountofdatatransmittedoveratelemetrylink
ofagivenbandwidthofminimizethebandwidth
for agivenamountoftransmitteddata.

Related Publications:

ERROR PROBABILITIES FOR TELEGRAPH

SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B. B. Barrow, Proc. IRE vol. 48, Sept. 1961,

p. 1613/1629.

BANDWIDTH LIMITING EFFECTS OF FRE-

QUENCY SELECTIVE FADING OVER
TROPOSPHERIC SCATTER PATHS

P. D. Shaft, Microwave Research Inst.,

Polytechnic Inst. of Brooklyn, N. Y.

Master's thesis, (Research rept. no.

PIBMRI-976-61), 12 Dec. 1961, 105p.,

incl. illus., tables, 28 refs., AD 281 967.

A set of design curves of intermodulation

distortion due to frequency selective fading

was derived for tropospheric scatter systems.

. . . applicable to systems frequency modu-

lated with frequency division multiplexed tele-

phone and telegraph channels ....

EXPERIMENTAL OPTIMIZATION AND EVAL-

UATION OF TELEMETRY SYSTEMS

W. F. Link, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-8, no. 3,

Sept. 1962, p. 239/246•

• . . A careful laboratory program to experi-

mentally optimize and evaluate four telemetry

systems in wide use (FM-FM, PAM-FM,

PDM-FM and PCM-FM) has been concluded . . .

Each of the four systems was implemented in

the laboratory and the system under test was

modulated by random signal sources typifying
actual data ....

1.933: Sampling Multiplex Modulation Methods with FM Carrier

Included: PAM/FM modulation; PAM/FM/FM modulation; PDM/FM modulation; PDM/FM/FM modu-
lation method; PPM/FM modulation•

Not Included: Design of telemetry systems (2); Multiplex systems (2).

Cross References: FM/FM multiplex modulation methods (1. 932); Fundamentals of sampling

modulation methods (Div. 1.4); PACM/FM modulation method (1. 934).

Principal Publications:

NOISE AND BANDWIDTH IN PDM/FM

RADIO TELEMETERING

K. M. Uglow, IRE Trans. Telemetry Remote

Contr., vol. TRC-3, no. 1, April 1957,

no. 7.5, 10p.

THE GROUND STATION OF A PAM-FM

TELEMETRY SYSTEM

F. F. Fulton, Jr., et al., Proc. Nat. Symp.

Telem., Sept. 1958, no. 8.4, p. 1/10.

COMPARISON OF THE PERFORMANCE OF

PAM-FM AND FM-FM TELEMETRY
SYSTEMS

D. Hochman, Proc. Nat. Symp. Telem.,

Sept. 1958, no. 8.2, p. 1/6.

PDM/FM/FM ON LOWER SUB-CARRIER

FREQUENCIES

F. E. Rock, Proc. Nat. Syrup. Telemetering,

Sept. 1958, no. 12.2, p. 1/7.

A HIGH CAPACITY PAM-FM-FM TELEMETER-

ING SYSTEM FOR THE SATURN BOOSTER

O. B. King, Nat. Symp. Space Electronics

Telemetry, Sept. 1959, no. 7.1, p. 1/10

• . . 216 channel . . . specific problems

in connection with booster telemetering are

discussed .... requirements for a new tele-

meter system are set forth . . . emphasis on

the multiplexer portions ....

ANALYSIS OF MULTIPLEX ERROR IN FM/FM

AND PAM/FM/FM TELEMETRY

J. Schenck, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-5, no. 3, Sept.
1959, p. 138/147.

• . . frequency division multiplex of FM sub-

carriers where commutation, or pulse amplitude

modulation time division multiplexing, is used on

one or more of the FM subcarrier channels . . .

THE EFFECT OF DIFFERENT TYPES OF

VIDEO FILTERS ON PDM-FM AND PCM-

FM RADIO TELEMETRY

M.H. Nichola, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-6, no. 2,

June 1960, p• 85/92.

A S/N IMPROVEMENT FACTOR ON PAM-FM

WHOSE RECEIVED PULSE IS COSINE-

SQUARED (Correspondence)

A. Watanabe, Proc. IRE, vol. 48, no. 2, Feb.
1960, p. 257/258•
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PDM/FM STANDARDS

Instrum• Control Syst., vol. 33, no. 3,

March 1960, p. 410.

POTENTIAL AND REAL NOISE IMMUNITY

OF A MULTICHANNEL RADIOTELEMETER-

ING SYSTEM OF PAM-FM-FM TYPE IN

THE PRESENCE OF WEAK FLUCTUATION

NOISE

A. F. Fomin, Radio Engng: Transl. of

Radiotekhnika, vol. 17, no. 8, Aug• 1962,

p. 8/12.

The article determines the potential noise

immunity of a radiotelemetering system of

PAM-FM-FM type. It compares the potential

noise immunity of PAM-FM-FM, PAM-FM

and FM-FM systems ....

INTERPRETING THE IRIG STANDARDS FOR

PAM/FM TELEMETRY

R. C• Barto, Proc. Nat. Telem. Conf.,

May 1963, p. 2/1

• . . Also available are AD 410 320

DATA TRANSMISSION AND TRAJECTORY

DETERMINING DEVICES FOR RESEARCH

ROCKETS AND SATELLITES, VOLUME I

J. S. Rochefort, et al., Northeastern U.,

Boston, Mass., Electronics Research Lab.,

Final Report, (AFCRL-63-821 (1)), June 30,

1963, 76p., 7 refs., N63 21719•

• . . a dual triggered parallel-read commu-

tator for an aspect system; the development of

a PAM/FM system ; a reentry physics program

concerned with using Trailblazer vehicles to

measure the effects of the plasma sheath on

communications . . . program for the evalu-

ation of commercial airborne telemetry system

equipments . . . test procedures and equipment
tested•

PAM, PDM, AND PCM TECHNIQUES IN
APPLICATION TO DIGITAL TELEMETRY

ON VOICE BANDWIDTH FACILITIES

C. Yanis, et al., IEEE Trans. Commun. Elec-

tronics, no. 66, May 1963, p. 139/
151.

• • . The requirements of these telemetry

modes in terms of link conditions, tone equip-

ment, and terminal equipment is examined.

Conclusions are reached regarding adaptability

to high speed, multiplexing, and hardware re-

quirements.

Related Publications:

AN EXPERIMENTAL AIRBORNE PAM-FM

TELEMETER PACKAGE FOR MISSILE

APPLICATIONS

T. D. Lusk, Proc. Nat. Symp• Telemetering,

Sept. 1958, no. 8.3, p. 1/4.

EXPERIMENTAL OPTIMIZATION AND EVALU-

ATION OF TELEMETRY SYSTEMS

W. F. Link, et al., IRE Trans. Space Elec-

tronics Telemetry, vol. SET-8, no. 3,

Sept. 1962, p. 239/246•

THE ORTHOMATCH DATA TRANSMISSION

SYSTEM

B. G. Kuhn, et al., IEEE Trans. Space Elec-

tronics Telemetry, vol. SET-9, no. 3,
Sept. 1963, p. 63/66.

• • • Calculated and measured comparison

of Orthomatch and typical PAM-FM system

shows an 11.5 db power advantage for Ortho-
match ....

A PAM-FM TELEMETRY EQUIPMENT WITIt
DIGITAL OUTPUT FOR IN OIL PROSPECT-

ING (In French)

J. Ringot, Onde Electr., vol. 43, no. 440,

Nov. 1963, p. 1183/1188.

1.934: Digital Multiplex Modulation Methods with FM Carrier

Included: PCM/FM modulation; PAM/PCM-FM modulation; PACM/FM modulation.

Not Included: Time division multiplex systems (2).

Cross References: Digital modulation methods (Div. 1.3); Pulse code modulation methods

(Div. i. 5); PAM/FM modulation (i. 933); PAM/FM/FM modulation (1.933).

Principal Publications:

STUDY OF PCM-FM TRANSMISSION OVER

TROPOSPHERIC SCATTER SYSTEMS

F. Assadourian, RCA Defense Electronic Pro-

ducts, N. Y., Final rept. on Task 4,

Sept. 1959, AD230 426.

• . • transmission of PCM-FM si_,mals.

• . . preliminary in the sense that it is devoted

primarily to a detailed survey of necessary back-

ground topics such as binary digital error rates

for various types of PCM-FM signals and for
correlation or non-correlation detection ....

A HIGtt-SPEED, AIRBORNE DIGITAL DATA

ACQUISITION SYSTEM

S. Cogan, et al., IRE Trans. Space Electronics

Telemetry, vol. SET-5, no. 3, Sept. 1959,

p. 117/122.
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• . . PCM/FM data acquisition system . . .

part of a larger system designed to provide an

accurate and reliable means of collecting in-

formation from a large number of transducers

during aircraft flight testing, and to transfer
this information in the most efficient manner

to a digital computer for final data reduction . . .

MICROWAVE RADIO RELAY SYSTEMS STUDY

A. A. Meyerhoff, et al., RCA Defense Elec-

tronics Products, N. Y., Final rept. no.

Task 2, Aug. 1959, AD 230 425.

Several methods of detection of PCM-FM

are analysed to determine means of lowering
the received carrier threshold .... There

is an ideal curve of error probability vs. a

normalized parameter, the ratio of energy in

a signal element and noise power per cycle of
bandwidth. The various detection methods are

compared with this ideal curve. A large part

of the study is devoted to the derivation of the

error probability relationships for discrimina-

tor reception with an IF filter so narrow that

the modulating pulses are shaped thereby• The

results show that with proper choice of para-

meters this system requires only about 2 db

more received carrier power than the ideal.

Other detection methods considered, namely
feedback to the local oscillator, carrier

insertion, and narrow mark or space filters

do not appear so promising .... (See also
AD 230 426).

THE EFFECT OF DIFFERENT TYPES OF

VIDEO FILTERS ON PDM-FM AND PCM-

FM RADIO TELEMETRY

M. H. Nichols, et al., IRE Trans. Space

Electronics Telemetry, vol. SET-6, no.

2, June 1960, p. 85/92.

PCM/FM TELEMETRY SIGNAL ANALYSIS

AND BANDWIDTH EFFECTS

J. F. Ornsby, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no. 3/4, Sept./Dec.
p. 130/138.

ERROR PROBABILITIES FOR TELEGRAPH

SIGNALS TRANSMITTED ON A FADING

FM CARRIER

B. B. Barrow, Proc. IRE, vol. 48, Sept.
1961, p. 1613/1629.

• . . Frequency-shift keying, amplitude

keying, and phase-shift keying are considered.

• . . The analysis pertains most directly to

troposcatter systems, but the general con-

clusions regarding the effect of FM theshold

should be relevant also for fading transmission

paths such as those met in line-of-sight and
telemetry . . .

EXPERIMENTAL DETECTOR STUDY

A. Tepfer, RCA Defense Electronics Products,

N. Y., (Rept. no. CR-61-419-13), Final

rept. on Task 3, 28 April 1961, 17 p.,
AD 259 558.

A laboratory study of error-rate perform-

ance of a PCM-FM system and an investigation

of some experimental detector techniques were
conducted. The variation of the error rate as

a function of the signal strength was determined

as the frequency deviation was varied and as the

carrier frequency was displaced from its nor-

mal position in the middle of the IF amplifier.
The effects of carrier reinsertion in the receiver

and of a time-varying IF filter synchronous

with the received signal were investigated.

PACM-FM TELEMETRY EVALUATION

D. E. Gilerest, et al., Proc. Nat. Aerospace

Electronics Conf., vol. 10, May 1962,

p. 103/111.

TRENDS IN MISSILE AND SPACE RADIO

TELEMETRY

J. W. Muehlner, Lockheed Aircraft Corp.,

Sunnyvale, Calif., 1962, 45 p., AD 407 379.

Various modualtion methods and concepts

are presented .... PAM/PCM-FM system is

well suited because of its adaptability,

economy of bandwidth and power and ability

to handle some high-accuracy data .... it

becomes progressively more important to

combat the flood of data descending on us

from outer space. This compression

scheme is based on elimination of redundancy•

Techniques such as are presently under

development lead to compression factors of

the order of 30, referenced to the

indiscriminate data-transmission practices

of today.

ATTAINABLE ERROR PROBABILITIES IN

DEMODULATION OF RANDOM BINARY

PCM/FM WAVEFORMS

E.F. Smith, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 4, Dec.

1962, p. 290/297.

The deviation ratio required for minimum

obtainable bit-error probability for random

binary PCM/FM way,forms is derived• The

resulting minimum obtainable bit-error

•probabilities are calculated and compared

with those obtained experimentally and indep-

endently in two different laboratories using

conventional demodulation equipment. The

amplitude distribution of video noise in

conventional FM receivers is investigated

theoretically and experimentally in an

attempt to interpret the effect (or lack of

effect) of video filtering on error probability.

Comparison is also made between theoretically

attainable bit-error probabilities for PCM/AM,

PCM/PSK, conventional PCM/FM (i.e.

frequency modulating a single oscillator) and

"switched PCM/FM" (i.e. switching between

two oscillators of different frequencies) ....
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FEASIBILITY INVESTIGATION OF A

PACM-FM TELEMETRY SYSTEM

Aeronutronies, Newport Beach, Calif., Final

rept., (ASD TDR 62-637), June 1961 - May

1962., Oct. 1962, 86 p., incl. illus.,

tables, 5 refs., AD 289 886.

. . . design and construction of a PACM/FM

ground station . . . design and construction of

a vehieleborne data converter to generate PAM,

PCM, and PACM formats . . . Laboratory test

with various formats and data rates to establish

system performance, and the capabilities of the

equipment developed . . . analysis and evaluation

of the PACM-FM system to predict equipment

electrical and operational charateristics . . .

preparation of recommended procurement

specifications based on tests, analysis, and

evaluation. The tests and analysis disclose that
the performance obtainable for PAM and PCM in

the PACM format is the same as in the pure
PAM and PCM formats ....

THE MINUTEMAN PCM/FM TELEMETRY

SYSTEM

E. P. Donnelly, Proc. Internat. Telem. Conf.,

vol. 1, Sept. 1963, p. 509/514.

• . . The system provides for real-time

read-out of any one analog channel by Nixie

display plus velocity and gimbal postions. Quick-

look or real-time provisions are furnished for

oscillograph strip-out of data, and format con-

version allows data to be reduced by IBM 704 or

7090 computers ....

ERROR RATE OF PCM-FM USING DISCRIMI-

NATOR DETECTION

P. D. Shaft, IEEE Trans. Space Electronics

Telemetry, vol. SET-9, no. 4, Dec. 1963,

p. 131/137.

• . . It is shown that discriminator perform-

ance is approximately 1 db poorer than optimum

detection of a PCM-FM signal. The results com-

pare favorably with experimental measurements
conducted elsewhere ....

BAND LIMITATION AND ERROR RATE IN

DIGITAL UHF-FM TRANSMISSION

H. J. yon Baeyer, IEEE Trans. Commun. Syst.,

vol. CS-11, no. 1, March 1963, p. 110/117.

The literature on systems design for the trans-

mission of high speed digital data in the "megabits

per second" range over UHF links is scarce and

somewhat contradictory .... problem of finding

the best compromise between radiated bandwidth,

power balance, and output SNR, the latter being
directly related ot the error rate. Confining

the analysis to frequency modulation • • •

optimization is analyzed. The effects of inter-
symbol interference, FM transient characteristics,

and FM improvement threshold are discussed

Related Publications:

EXPERIMENTAL OPTIMIZATION AND EVALUA-

TION OF TELEMETRY SYSTEMS

W. F. Link, et al., IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 3, Sept. 1962,
p. 239/246.

• . . A careful laboratory program to experi-

mentally optimize and evaluate four telemetry

systems in wide use (FM-FM, PAM-FM,

PDM-FM and PCM-FM) has been concluded

• . . Each of the four systems was imple-

mented in the laboratory and the system under

test was modulated by random signal sources

typifying actual data ....

ELECTRONIC EQUIPMENT INTERFERENCE

CHARACTERISTICS-COMMUNICATION
TYPE

C. W. Stuckey, et al., Georgia Inst. of Teeh.

Engineering Experiment Station, Atlanta,

Quarterly rept. no. 3, 15 Aug. - 15 Nov.

1963, Rept. no. 24, 15 Nov. 1963, 56 p.,
AD 433 705.

The effects of multipath interference on the

intelligibility of speech transmitted over an FM

system employing time division multiplexing are

reported. Prediction intelligibility measurements

based on audio output S/N ratios indicate that

significant degradation in intelligibility will

exist for the FM/TDM system tested when multi-

path signals of equal strength are received over

paths which differ in length by as little as 0.15
mile ....

PAM, PDM, AND PCM TECHNIQUES IN AP-
PLICATION TO DIGITAL TELEMETRY ON

VOICE BANDWIDTH FACILITIES

C. Yanis, et al., IEEE Trans. Commun.

Electronics, no. 66, May 1963, p. 139/151•

• . . The requirements of these telemetry

modes in terms of link conditions, tone equip-

ment, and terminal equipment is examined•

Conclusions are reached regarding adaptability

to high speed, multiplexing, and hardware

requirements.
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Section 1.94

1.940: Multiplex Modulation Methods with Phase Modulation on the Output Carrier

Included: FSK/PM modulation method; FM/PM multiplex modulation method; PCM/PS modulation;
PCM-PC-PM telemetry signals.

Not Included: Telemetry system design; Time division multiplex systems (2).

Cross References: Frequency shift keying modulation (1. 332); Digital phase modulation systems
(Sect• 1.34).

Principal Publications:

THE PCM-PS TELEMETRY SYSTEM

H.N. Putsehi, et al•, Proc. Nat. Telemetering
Conf., May 1959, p. 143/150•

• . . The transmitter power required in this
system is equal to or less than that of an ideal

conventional PCM-FM system ....

SYNCHRONOUS RECEPTION IN A PCM/PS
TELEMETRY SYSTEM

H. Raillard, et al., Proe. Nat. Electronics
Conf., vol. 15, Oct. 1959, p. 163/172.

• . . for space vehicles and missiles; space
and weight requirements must be kept at a mini-
mum. The considerations leading to the choice of

a PCM/PS system . . . are presented.
• . . the noise threshold of an AM detector

limits the system performance• Therefore, syn-
chronous detection incorporating a threshold-
free product detector is used. A carrier-locked
local oscillator capable of tracking the doppler
shifts inherent in missile systems is used ....

THE PIONEER IV LUNAR PROBE: A MINI-
MUM-POWER FM/PM SYSTEM DESIGN

B. D. Martin, JPL, Calif. Inst. of Tech.,

Pasadena, Calif., (Tech. rept. no. 32-215),
15 March 1962, 76 p., incl. illus., tables,
refs., AD 274 664.

• . . Use of phase-coherent techniques in
both the carrier and subcarrier channels pro-
duced a system capable of threshold perform-
ance at two Moon distances, one-half million

miles, with only 180 mw of transmitted power.
• . . A discussion of the phase-coherent (phase-
lock) technique is presented . . . The use of
a carrier-tracking loop as a phase demodulator
is examined, and expressions for the usable
carrier and subcarrier sideband powers are
developed. A useful channel design equation is

then described, and 2 typical FM/PM system
design calculations are presented to illustrate
the application of the previously derived tech-
niques.

FSK/PM THRESHOLD IMPROVEMENT
STUDY

Philco Corp., Palo Alto, Calif. Technical
documentary rept., (Rept. no. WDL-TR1870),
15 Aug. 1962, lv. incl. illus., 6 refs.,
AD 284 800.

An experimental study . . . to determine
means of improving the threshold of the Advent
FSK/PM command link .... construction . . .
ofa.., command link simulator.., con-

siderable supporting data were obtained in the

form of time waveform photographs, spectrum
photographs and plots, and system response

curves. The results indicate the desirability
of using coherent tones and pre-modulation

filtering in the transmitter as well as the obvious
need for an optimum detector. Theoretical in-
vestigations of the bit sync problem in the re-
ceiver emphasize the need for additional work

to investigate a number of interesting detection
schemes.

A TELEMETRY IMPROVEMENT STUDY

Philco Corp., Palo Alto, Calif. Technical
documentray rept., (Rept. no. WDL-TR 1909),

1 Oct. 1962, lv., incl. illus., tables, ref.,
AD 289 875.

An abbreviated derivation is given for a tapped
delay-line Wiener filter. An attempt is made to
apply filtering of this type to a PCM-PC-PM
telemetry signal. Both i-f filtering and post-
detection filtering are considered .... Results
show that such filtering is of marginal value for

the particular telemetry signal investigated•

THE ERROR RATES IN MULTIPLE FSK SYS-
TEMS AND THE SIGNAL-TO-NOISE
CHARACTERISTICS OF FM AND PCM-FS
SYSTEMS

H. Akima, Central Radio Propagation Lab.,
National Bureau of Standards, Colorado

Springs, Colo., Technical note no. 167,
25 March 1963, 55 p., 35refs., AD 402 243.

. . . evaluated for wide ranges of system
parameters, assuming• . . a fading-free signal
and an additive white Gaussian noise• It is shown

that the required intrinsic SNR for an assigned
value of symbol error rate in multiple FSK sys-
tems can be reduced by increasing the number
of frequencies in the keying. Comparison of the
threshold in band-dividing FM systems with that

in PCM-PS systems shows the latter cannot be
lower than the former . . . Brief discussions

on the threshold effects in frequency-lock and
phase lock FM demodulators suggest that the
threshold of these feedback FM demodulators

can not be improved beyond that of a band-
dividing one.
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MODULATION CONSIDERATIONS FOR THE

TRANSMISSION OF REAL-TIME SPACE

TE LE VISION

J.A. Develet, Jr., Aerospace Corp., Los

Angeles, Calif., SSD TDR63 117, 13 May

1963, 13p., AD406 315.

• . • the baseband signal was assumed:

(1) digitally encoded and modulated on a carrier
as binary PCM/PM; and (2) analogue modu-

lated as wideband FM . . . The performance

and complexity of these two approaches were

then reviewed with parameters typical of a

moon mission. In comparing the digital to the

analogue approach, it was found that the analogue

system was superior in all respects, e. g.,

simplicity, reliability, and spacecraft power.

Identical comparisons as the foregoing were

necessary to establish the modulation techniques

for Telstar and Relay, the world's first wide-

band communication satellites• It is not sur-

prising, therefore, that these satellites utilize

analogue wideband FM with frequency-following
receivers.

Section 1.95

1. 950: Multiplex Modulation Methods with AM on the Output Carrier

Included: FSK/AM modulation; FM/AM multiplex modulation methods; FM/PDM-AM telemetry

signals; PSK-AM modulation; PAM/FM/AM multiplex modulation method; PDM/AM modulation;
PCM/SSB modulation•

Not Included: Telemetry systems design; Design of multiplex systems (2).

Cross References: Fundementals of amplitude modulation (Sect. 1.22); Digital amplitude modu-

lation systems (Sect. 1.32); Pulse amplitude modulation methods (Sect• 1.42).

Principal Publications:

PERFORMANCE ANALYSIS OF A DATA LINK

SYSTEM

A. B. Glenn, IRE Trans. Commun. Syst., vol.

CS-7, no. 1, May 1959, p. 14/24.

• . . the present air-traffic-control (ATC)

system must be improved by a far more effi-

cient and partially automatic system . . . As

a result of both analytical and experimental work,

two prefered modulation types have been chosen

for further investigation . . . (FSK-AM) . . .

and FSK... RCA is developing both systems

COMPARISON OF PSK VS FSK AND PSK-AM

VS FSK-AM BINARY CODED TRANSMISSION

SYSTEM

A. B. Glenn, IRE Trans. Commun. Systems,
vol. CS-8, no. 2, June 1960, p. 87/100.

TttE CASE OF FM-AM VS FM-FM TELEMETRY

L• L. Rauch, IRE Trans. Space Electronics

Telemetry, vol. SET-6, no. 2, June 1960,

p. 81/84.

SIGNAL-TO-NOISE CONSIDERATIONS FOR

A SPACE TELEMETRY SYSTEM

R. W. Rochelle, Proc. IRE, vol. 48, no. 4,

April 1960, p. 691/693•

• . . comparison is gSvcn between the pulse-

frequency chamlels and the pulse-width channels

for the FM/FDM-AM telemetry system. It is

shown that the pulse-frequency channels have

either a higher signal-to-noise ratio or greater

information rate capability than the pulse-width

channels.

PROJECT RELAy DIGITAL COMMAND SYS-

TEM

S. H. Roth, et al., IRE Trans. Aerospace Navig.

Electronics, vol. ANE-9, no. 2, June 1962,

p. 100/103.

• . . (NASA) has developed a coded message

sequence consisting of discrete, pulse-duration-

modulated (PDM) tone bursts for commanding

satellites. The message consists of a sync

pulse followed by some combination of six pulses,
three each of zeros and ones. This code allows

for 20 commands (the combination of six things

taken three at a time) .... equipment devel-

oped for the Relay satellite program which

demodulates the tone bursts, converts the

pulse-duration modualtion into a binary code,

and then decodes the message into twenty dis-
crete commands ....

The subcarrier tone amplitude-modulates
a VHF carrier for transmision to the vehicle.

APPLICATION OF 465 TELEMETRY SYSTEM

TO EVENT MARKING

A. II. Ellis, Proc. Internat. Telem. Conf.,

vol. i, Sept. 1963, p. 362/368.

• . . time division multiplex . . . telemetry

transmitter .... p.a.m./f, m./a. m. system

• o •

AN ANALYSIS OF PCM TRANSMISSION VIA

SING LE SIDEBAND

R. Gardner, et al., RCA Defense Electronic

Products, New York., 1 May 1963, 191p.,
AD 406 700.

• . . to determine the relative merits of

single-sideband transmission as against FM

transmission of multichannel (e. g. 12-chan-

nel) PCM signals, for tactical radio relay
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equipment in the lower portion of the UHF

range and to recommend immediate and long-
range development plans . . .

Related Publications:

SYNCHRONIZATION OF SINGLE-SIDEBAND
CARRIER SYSTEMS FOR HIGH-SPEED
DATA TRANSMISSION

T. Combellick, IRE Trans. Commun. Syst.,
vol. CS-7, no. 2, June 1959, p. 110/114.

• . . requirements for synchronization of
single-sideband carrier systems and the method

of accomplishing absolute synchronization. The
problems of application to existing systems and
alternative solutions are discussed.

FAA DEVELOPMENT IN AIRCRAFT DATA

COMMUNICATIONS

W.R. Deal, IRE Trans. Aerospace Navig.
Electronics, vol. ANE-9, no. 2, June 1962,
p. 79/84.

• . . development and evaluation of an exper-
imental "Automatic Ground-Air Communication

System" referred to as AGACS. This two-way
time division multiplex system was designed
primarily for operation at 750 bits per second,
and provided both frequency-shift keyed carrier

(FSK) and tone-shifted amplitude-modulation
(FSK-AM) options ....

AN ACCURATE DISCRIMINATOR FOR DE-
MODULATING NOISY PFM TELEMETRY
SIGNALS

B. Harris, Rec. Nat. Symp. Space Electronics
Telemetry, Oct. 1962, no. 3.3.

PULSE-FREQUENCY MODULATION
R. W. Rochelle, IRE Trans. Space Electronics

Telemetry, vol. SET-8, no. 2, June 1962,
p. 107/111.

Pulse-frequency modulation (PFM) has been
successfully employed as the encoding technique
in a number of small U. S. Earth satellites

where reduction power and weight are prime
considerations. This paper is concerned with
the introduction of some of the more basic

principles of PFM. Rather than presenting a

rigorous proof on the orthogonality of this type
of modulation, a comparison is made to the

better-known characteristics of coded binary
sequences. It is shown that PFM with quantized
frequencies has the same communication effi-
ciency in the presence of additive white Gaussian
noise as a corresponding set of coded binary
sequences with an equal number of quantized
levels .... Vanguard III . . . carrying a com-
bination of pulse-duration modulation and PFM.

Similar systems were carried by Explorer X
• . . Explorer XII carried the first truly PFM
system into a highly elliptical orbit with an
apogee of 50,000 miles ....
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SUBJECT INDEX

The terms in the following index were taken directly from the subject contents of the individual subdivisions

in the volume. The terms listed under "Included, T' as well as selected section and subdivision titles, were
considered for inclusion in the index.

Multi-noun terms are presented in two ways: 1) the full term is listed in alphabetical order of the first

noun, e.g., _aliasing errortt; and 2) the full expressions are permuted or separated so as to provide multiple
listings of a single expression, e.g., _'error, aliasing'L General usage of the technical terms is followed in
the permuting process; combinations of words which fail to make technical sense are not included.

In instances where a particular term is not located in the index, the user should refer to the table of contents.

When used in conjunction, the table of contents and index will enable the user to locate the proper section or
subdivision and, in turn, the pertinent citations.

As a general rule, if a proper name, e.g., Fourier, identifies a theory, process, etc., the name has been

included in the index. Words and expressions that denote general concepts, e.g., systems, problems, tech-
nologies and techniques, methods, etc., have not been included in the index.
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ADAPTIVE SAMPLING PROCESSES 1.414

ADAPTIVE TECHNIQUES, PCM TELEMETRY 1.573

ADJACENT CHANNEL INTERFERENCE 1.742

AIR-TO-AIR CHANNELS 1.674
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DISTORTIONS 1.623

MODULATING SIGNALS 1.231

ANGLES, ATMOSPHERIC

ANTENNA DISTORTIONS

ANTIPODAL TRANSMISSION E FFECTS

ARCTIC COMMUNICATIONS, VLF PROPAGATION

1.722

1.628

1.633

1.637

457

ARTIFICIAL SCATTERER CHANNELS 1.666

ASYMMETRICAL BINARY CHANNELS 1.312

ASYMMETRICAL SIDEBAND 1.224

MODULATION PPM SYSTEM 1.224

DATA TRANSMISSION 1.324

TRANSMISSION, DISTORTIONS 1.624

ATMOSPHERE, LOWER, CHARACTERISTICS 1.634

ATMOSPHERES, MUSICAL 1.642

1.722

ATMOSPHERIC ANGLES 1.722

ATMOSPHERIC DUCTS 1.634

ATMOSPHERIC ELECTRICITY, NOISE, IMPULSIVE NOISE 1.722

ATMOSPHERIC RADIO NOISE, STATISTICAL CHARACTERISTICS

OF 1.722

ATMOSPHERIC REFRACTION INDEX, NOISE ANOMALIES IN 1.724

ATTENUATION, LINE 1.651

AURORA, RADIO, DISTURBANCES, ZONE PROPAGATION
CHARACTERISTICS 1.637

AUTOCORRELATION, MODULATED WAVEFORMS 1.210

PPM SIGNALS 1.442

SIGNALS I.144

AUTOMATIC PHASE EQUALIZATION SYSTEMS,

FUNDAMENTALS 1.626

AVERAGE POWER LIMITED CHANNELS 1.860

AXIS CROSSING INTERVALS 1.111

S
BANDLIMITED FUNCTIONS 1.311

GAUSSIAN NOISE 1.714

PROCESSES, GENERAL 1.111

SIGNALS, REPRESENTATION I. 142

BAND-PASS CHARACTERISTICS MEDIA 1.621

BAND-PASS LIMITER OUTPUT 1.715

BAND-PASS SAMPLING 1.412

BANDWIDTH EXPANDING MODULATION METHODS 1.920

BANDWIDTH LIMITATIONS, PPM 1.442

BANDWIDTH LIMITATIONS, PULSE COMMUNICATIONS 1.410

BANDWIDTH TIME PRODUCT 1.311

BARRIER PROBLEM, ONETSIDED 1.112
1.712

BAYES' MATCHED FILTERS 1.372

BEHRENS- FISHER DISTRIBUTION 1.117

BEYOND LINE-OF-SIGHT SATELLITE LINKS 1.675

BINARY CHANNELS, RANDOMLY VARIABLE, BINARY
ERASURE CHANNEL 1.312

BINARY FSK SYSTEMS 1.332

BINARY, M-ARY DIGITAL SYSTEMS, COMPARISON 1.830

BINARY PHASE QUADRATURE SUBSETS, 201A and 201B 1.343

BINARY PM DATA SYSTEMS, IBM PM SET 1.342

BINARY SEQUENCES

BI-ORTHOGONAL 1.314

ORTHOGONAL 1.314

PSEUDO RANDOM 1.314

TRANSMISSION WAVEFORMS 1.314

BINARY TRANSMISSION SYSTEMS, ANALYSIS 1.312

BINOMIAL DISTRIBUTION 1.117

BI-ORTHOGONAL BINARY SEQUENCES 1.314



BI-ORTHOGONALPCM 1.518
BI-PHASEDATATRANSMISSIONSYSTEMS 1.342
BI-POLARREPEATERS 1.522
BI-POLARSIGNALS,PCM 1.518
BI-TERNARYPCM 1.518
BI-TERNARYTRANSMISSION 1.313
BIO-ELECTRONICCHANNELS 1.130
BIRDCALLSYSTEM 1.223
BITGAINDISTORTION,BITLOSSDISTORTION,DATASYSTEMS 1.628
BITSYNCHRONIZATION,PCM 1.523

BIVARIATE NORMAL DISTRIBUTION 1.112

BLACKOUTS 1.633

BLACKOUTS, POLAR RADIO 1.637

BLOCK QUANTIZATION 1. 511

BOUNDARY LAYER TURBULENCE, NOISE 1.724

BOUNDS, COMMUNICATIONS 1.810

BROADCASTING MODE, COMMUNICATIONS 1.672

C

CABLES, COAXIAL 1.652

CHARACTERISTICS 1.652

COMMUNICATIONS 1.652

CROSSTALK LOSS 1.652

DI-PHASE PCM (STELMA) 1.342

HERTZIAN 1.662

IMPULSE NOISE 1.743

LOADED 1.652

SUBMARINE TELEPHONE 1.653

UNDERWATER, CHARACTERISTICS OF 1.653

CALCULUS, HEAVISIDE OPERATIONAL 1.143

CANADIAN SYSTEM, LOGICOM 1.383

CAPTURE EFFECTS, FM 1.232

CAR RADIO INTERFERENCE 1.732

CARRIER PULSES, LINEAR FM 1.316

CARRIER SIGNALS, MODULATED, GENERAL 1.200

CARRIER, SUPPRESSED, DSB, AM h222

CARRIER TRANSMISSION SYSTEMS, FREQUENCY

TRANSLATION DISTORTIONS 1.628

CASCADED CHANNELS, COMPARISON MODULATION
METHODS 1.840

CHAFF COMMUNICATIONS 1.666

CHANNEL CAPACITY 1.130

CHANNEL CHARACTERISTICS, MOON RELAYS 1.667

SATELLITE LINKS, SPECIAL 1.675

CHANNEL MODELS 1.13

1.130

CHANNEL PERFORMANCE TRANSMISSION CIRCUITS,

ANALYTICAL PROCEDURES 1.651

CHANNELS,

AIRBORNE COMMUNICATIONS 1.674

AIR-TO-AIR, AIR-TO-GROUND, AIR-TO-SPACE 1.674
ARTIFICIAL SCATTER 1.666

ASYMMETRIC BINARY 1.312

AVERAGE POWER LIMITED 1.860

BINARY ERASURE, BINARY, RANDOM VARIABI,E 1.312

BIO- E LEC TRON IU 1.130

CHARACTERISTICS MOBILE, OMNIDIRECTIONAL 1.67

COMMUNICATIONS, ANALYTICAL DESCIIIPTIONS

PRACTICAL 1.61

COMMUNICATIONS, BOOKS, SURVEYS, HISTORICAL
NOTES 1. 600

COMMUNICATIONS1 DELAY DISTORTIONS 1.626

COMMUNICATIONS, NONLINEAR DISTORTIONS 1.625

COMMUNICATIONS 1 PHASE DISTORTIONS 1.626
COMPOUND 1.130

DISPERSIVE COMMUNICATIONS 1.666

DOPPLER SHIFTING, ANALYSIS 1.613

ERASURE 1.130

FADING, COMPARISON MODULATION SYSTEMS 1.850

FINITE STATE 1.130

GROUND-TO-AIR 1.674

IMPULSE RESPONSE L622

IONOSPHERIC FORWARD SCATTERING, IONOSPHERIC
SCATTER 1.663

LIMITING 1.130

LUNAR REFLECTION 1.667

METEORIC SCATTER 1.665

MODULATION, GENERAL PROBLEMS 1.10

MODULATION, STATISTICAL MATHEMATICS

APPLICABLE TO 1.110

MULTIPATH AND FADING, ANALYSIS 1.612

MULTIPATH, SURVEYS COMMUNICATIONS METHODS
FOR 1.660

NEEDLES 1.666

NEURON 1.130

NOISLESS, GENERAL THEORY 1.611

NONLINEAR 1.130

NOISE LESS 1.130

OMNIDIRECTIONAL COMMUNICATIONS 1.672

ORBITAL DIPOLE 1. 666

PEAK POWER LIMITED 1.860

PHYSICAL, CHARACTERISTICS OF 1.65

POINT - TO - POINT RADIO 1.66

POINT-TO-POINT SPACE 1.667

PROJECT WEST FORD 1.666

QUANTUM 1.130

RADIO, BETWEEN FIXED TERMINALS 1.660

RANDOMLY TIME VARIANT 1.130

RANDOMLY TIME-VARIANT LINEAR 1.611

RAYLEIGH FADING, RICIAN FADING 1.612

SCATTER, ANALYTICAL DESCRIPTION, GENERAL 1.661

SCATTER, GENERAL THEORY 1.611

SCATTER, MATHEMATICAL MODELS 1.612

SPACE COMMUNICATIONS, GENERAL 1.602

THRESHOLD E FFECTS, TIME CONTINUOUS 1.130

TIME RESPONSE 1.622

TIME- INVARIANT, CHARACTERISTICS 1.621

TIME-VARIANT COMMUNICATIONS, GENERAL

THEORY 1.611

TIME-VARIANT COMMUNICATIONS, MEASUREMENTS,
RECORDING AND SIMULATION 1.619

TRANSMISSION, NOISE, DISTURBANCES 1.7

TRANSMISSION, TRANSIENT RESPONSE 1.622

TROPOSPHERIC SCATTER 1.664

TWO-WAY, GENERAL 1.130

VARIOUS OTHER COMMUNICATIONS 1.680

VHF IONOSPHERIC SCATTER 1.663

WITH MEMORY, WITHOUT CAPACITY 1.130

CHARACTERISTIC FUNCTION, INVERSE 1.111

C HI-DISTRIBUTION, CHI-SQUARE DISTRIBUTIONS 1.11q

CHIRP-TYPE SIGNALS 1.316

CHIRPED TRANSMISSION SIGNALS 1.920

CIRCUIT DISTORTIONS, NETWORK FUNCTIONS DESCRIBING 1.621

IMPEDANCES 1.651

INTERRU PTIONS 1.745

DISTORTIONS, NETWORK FUNCTIONS DESCRIBING 1.621

NOISE, BOOKS 1.702

REVIEWS, NOISE 1.702

NOISE, SURVEYS 1.702

CIRCUITS, SIGNAL THEORY 1.146

TRANSMISSION, EXPERIMENTAL EVALUATION OF 1.659

CLIPPED NOISE, INFINITELY 1.715

CLIPPER CROSS CORRELATOR 1.373

CLOUDS, NOISE FROM 1.724

RADIO EMISSION FROM 1.722

CO-CHANNEL INTERFERENCE 1.742

CO-MODULATION 1.222

CO-MODULATION SYSTEMS 1.362

COAST LINE EFFECTS, RADIO WAVE PROPAGATION 1.635
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"COAXIAL CABLES, SEE CABLES 1.652

COBI = CODED BI-PHASE DATA TRANSMISSION MODEM 1.342

CODE WORDS, SYNCHRONIZATION, CODED DATA SYSTEMS 1.345

CODED BI-PHASE DATA TRANSMISSION MODEM = COBI 1.342

CODED PHASE COHERENT DATA SYSTEMS 1.345

CODERS, COMPANDED PULSE 1.512

CODING, DECODING PROCESSES, PCM TELEMETRY,

PRINCIPLES I.573

CODING METHOD, UNIT-BIT 1.533

COHERENCE CONCEPT 1.121

COHERENT DETECTION, NOISE 1.715

COHERENT DETECTOR OPERATION, COMPARISON

MODULATION SYSTEMS 1.860

COLLINS DIFFERENTIALLY COHERENT FSK 1.343

COLORED NOISE 1.713

COMMUNICATIONS, ARCTIC 1.637

BOUNDS 1.810

BROADCASTING MODE 1.672

CABLES 1.652

CHAFF 1.666

COMMUNICATIONS CHANNELS

AIRBORNE I.674

ANALYTICAL DESCRIPTIONS PRACTICAL 1.61

COMPUTER PROGRAMS, ANALYZE 1.619

DISTORTIONS, DELAY 1.626

DISPERSIVE 1.666

DISTORTIONS, DISTORTION CHARACTERISTICS 1.62

ON EARTH, MOBILE 1.673
GENERAL 1.60

NONLINEAR DISTORTIONS 1.625

OMNIDIRECTIONAL 1.672

DISTORTIONS, PHASE 1.626

PULSIVE NOISE 1.743

TIME-VARIANT, GENERAL THEORY 1.611

TIME-VARIANT, MEASUREMENTS, RECORDING AND

SIMULATION 1.619

TRANSMISSION MEDIA, COMMON ASPECTS 1.600
VARIOUS OTHER 1.680

COMMUNICATIONS, DIGITAL 1.300

EFFICIENCY 1.810

LINKS, SPACE, GENERAL REQUIREMENTS 1.602

LONG DISTANCE HF 1.644

METHODS, RELIABILITY 1.810

NETWORKS, ERROR STATISTICS 1.650

NETWORKS, GROUND, CHARACTERISTICS OF 1.650

NOISE 1.74

PLANTS, OTHER DISTURBANCES 1.748

PLANTS, OUTAGES 1.745

POLAR 1.637

RADIO, POINT-TO-POINT 1.660

RATING SYSTEMS, STANDARDS 1.810

SCATTER, GENERAL 1.660

SURFACE, ON OTHER CELESTIAL OBJECTS 1.680

FIGURE OF MERIT 1.810

THEORY, FUNDAMENTALS, BOOKS 1.120

UNDERGROUND 1.636

VLF INTERPLANETARY 1.642

COMPANDED PULSE CODERS 1.512

COMPANDING

DEVICES, NONLINEAR DISTORTIONS 1.625

METHODS, PTM SYSTEMS 1.440

TIME-DISCRETE SYSTEMS 1.418

COMPANDORS 1.654

COMPATIBLE SSB 1.223

COMPLEMENTARY ORTHOGONAL MODULATION = CO-

MODU LATION I. 222

COMPLEMENTARY SIGNALS I. 142

COMPLEX SPECTRA i. 145

COMPOUND CHANNELS 1.130

COMPUTATIONS, STATISTICAL, GENERAL I.II0

COMPUTER

ANALYSIS, POWER SPECTRA 1.210

GENERATION, NOISE 1.719

PROCESSES, STATISTICAL INVESTIGATION 1.119

PROGRAMS, ANALYZE COMMUNICATIONS

CHANNELS 1.619

SIMULATION, DISTURBANCES, NOISE 1.719

CONCEPT OF COHERENCE 1.121

CONFIDENCE CRITERIA, PROBABILITY SAMPLING 1.414

CONFIDENCE ESTIMATION 1.119

CONTROL SYSTEMS, SAMPLING MODULATION METHODS 1.47

CONVOLUTION, FINITE i. 144

CORREC TORS, DISTORTIONS 1.654

CORRELATED NOISE 1.742

CORRELATION

CHARACTERISTICS, EVALUATION 1.119

CHARACTERISTICS, PULSE TRAINS 1.413

DETECTORS, OUTPUT PROBABILITIES 1.716

ELECTRONICS (GERMANY) i. 144

FUNCTIONS, GENERAL 1.144

METHODS, QUASI (USSR) 1.144

PROCESSES, FUNDAMENTALS I. 111

PROPERTIES, SIGNAL I.144

PROPERTIES, QUANTIZED PROCESSES 1.511

RECEIVERS, DATA TRANSMISSION LINKS 1.373

CORRELATION THEORY, SPECTRAL (USSR) 1.144

CORRELATOH, CROSS CLIPPER 1.373

CROSS MODULATION, NONLINEAR CHARACTERISTICS 1.625

CROSSTALK LOSS 1.742

CROSSTALK LOSS, CABLES 1.652

CROSSTALK NOISE 1.742

CROSSTALK THEORY 1.651

CUMULANT TRANSFORMATION 1.143

CW INTERFERENCE 1.742

CYBERNETICS AND INFORMATION THEORY 1.120

[}
D-ARY SEQUENCES 1.314

D-LAYER REFLECTIONS 1.634

DATA MODEM, AN-GSC-4, AN-TYC-2 1.343

AIR-TO-GROUND, LITTON SYSTEMS 1.343

RIXON-SEBIT-25

DATA SYSTEMS

BIT GAIN DISTORTION, BIT LOSS DISTORTION 1.628

BINARY PM 1.342

CODED, CODE WORDS SYNCHRONIZATION, PHASE
COHERENT 1.345

DIGITAL 1.300

DSB, SUPPRESSED CARRIER 1.322

INTEGRATED 1.300

HIGH TIME-BANDWIDTH PRODUCTS 1.920

HIGHER ORDER, GENERAL 1.313

M-ARY AM 1.325

M-ARY PHASE SHIFT 1.344

MAXIMUM LENGTH SEQUENCES 1.314
MULTI-LEVEL AM 1.325

MULTI-PHASE 1.344

MULTIVARIABLE SAMPLED, FUNDAMENTSAL 1.470

ORTHOMATCH 1.333

PHASE REVERSAL 1.342

PM, FADING CHANNE LS I.340

PN SEQUENCES 1.314

QUARTERNARY PHASE SHIFT 1.343

SAMPLED, MODULATION PROBLEMS, SIGNAL
DISTORTIONS 1.470

SIMULTANEOUS PHASE AND AMPLITUDE

MODULATION 1.383

VESTIGIAL SIDEBAND 1.324
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DATATRANSMISSION
ASYMMETRICALSIDEBANDSYSTEMS 1.324
BI-PHASE 1.342

CAPABILITIES OF TELEPHONE NETWORK 1.650

DIOILOCK 1.345

DSB AM 1.322

FOUR PHASE 1.343

GENERAL, HIGH SPEED 1.300

INFLUENCED BY DELAY VARIATIONS 1.626

LINKS, CORRELATION RECEIVERS 1.3'73

MULTI- FUNCTIONAL 1.383

NON-BINARY 1.313

PHASE QUANTIZATION 1.344

PM, GENERAL 1.340

SAMPLED, TIME SERIES ANALYSIS 1.411

SCATTER SYSTEMS 1.661

SPECIAL 1.38

TERNARY 1.313

WAVEFORMS, DIGITAL SEQUENCES 1.314

DATACOM UNIT 1.332

DECODING AND CODING PROCESSES, PCM TELEMETRY,

PRINCIPLES 1. 573

DEEP STRATA RADIO COMMUNICATIONS 1.636

DEFT SYSTEM, GENERAL DYNAMICS 1.383

DELAY DISTORTION CHARACTERISTICS, LONG DISTANCES

SYSTEMS 1.626

DELAY DISTORTIONS

COMMUNICATIONS CHANNELS 1.626

MULTI-MODE TRANSMISSION SYSTEMS 1.626

DELAY VARIATIONS, INFLUENCE DATA TRANSMISSION 1.626

DELTA FUNCTIONS 1.143

DELTA MODULATIONS 1.53

EXPONENTIAL 1.533

HIGH INFORMATION 1.533

METHODS, ADVANCED 1.533

METHODS, SURVEYS 1.532

PICTURE TRANSM IS,qlON 1.574

STANDARD 1.532

DELTA-SIGMA MODULATION 1.533

DENSITY RATIO, SIGNAL-TO-NOISE 1.810

DIBITS 1.343

DICON RECEIVER 1.332

DIELECTRIC NOISE 1.'723

DIFFERENTIALLY COHERENT FSK (COLLINS) 1.343

DIFFERENTIALLY COHERENT PHASE REVERSAL

SYSTEM 1.342

DIFFRACTION FIELD MEASUREMENTS, LIGHT

MODULATED SCATTERING TECHNIQUES 1,639

DIGILOCK DATA TRANSMISSION SYSTEM 1.345

DIGITAL AM SYSTEMS 1.32

DIGITAL, ANALOG AND SAMPLED MODULATION SYSTEMS,

COMPARISONS 1.802

DIGITAL-ANALOG SYSTEMS, THEORY 1.410

DIGITAL COMMUNICATIONS, DIGITAL DATA SYSTEMS 1.300

DIGITAL COMMUNICATIONS, SPECIAL RECEIVING

PROBLEMS 1.37

DIGITAL DATA, ANALOG TRANSMISSION SYSTESM 1.820

DIGITAL FM SYSTEMS 1.33

DIGITAL MATCHED FILTERS 1.372

DIGITAL MODULATION METItODS, ANALYSIS 1.31

DIGITAL MULTIPLEX MODULATION, FM CARRIER 1.934

DIGITAL PM SYSTEMS 1.34

DIGITAL RAY TRACKING PROCEDURE 1.639
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DIGITAL REGENERATORS 1.522

DIGITAL SEQUENCES, DATA TRANSMISSION WAVEFORMS 1.314

DIGITAL SYSTEMS, BINARY AND M-ARY COMPARISON 1.830

DIGITAL SYSTEMS, QUARTERNARY, GENERAL 1.313

DIGITAL TRANSMISSION, M-ARY 1.313

DIGITAL TRANSMISSION, TROPOSCATTER CIRCUITS 1.664

DIGITAL WAVEFORMS, SIGNAL THEORY, SPECTRA,

WT PRODUCT 1.311

DI-PHASE MODEM (MOTOROLA) 1.342

DI-PHASE PCM CABLE SYSTEM 1.518

DI-PHASE PCM CABLE SYSTEMS (STELMA) 1.342

DIPOLE CHANNELS, ORBITAL 1.666

DIPULSE 1.311

DI- PULSE PCM 1.518

DISCRETE COMMUNICATION SYSTEMS 1.300

DISCRETE MODULATION SYSTEMS, COMPARISON 1.830

DISCRETE REPRESENTATIONS, RANDOM SIGNALS 1.142

DISCRETE TIME MARKOV PROCESSES, GENERAL 1.113

DISCRETE SYSTEMS, HIGHER ORDER, COMPARISON 1.830

DISPERSION, WAVEGUIBES 1.655

DISPERSIVE COMMUNICATIONS CHANNELS 1.666

DISPERSIVE FILTER DESIGN 1.372

DISTORTIONS

AMPLITUDE 1.625

ANGULAR MODULATIONS SYSTEMS 1.623

ANTENNA 1.628

ASYMMETRICAL SIBEBAND TRANSMISSION 1.624

CHARACTERISTICS, COMMUNICATIONS CHANNELS 1.6

CORRECTORS 1.654

DATA SYSTEMS, BIT LOSS, BIT GAIN 1.628

DELAY, COMMUNICATIONS, CHANNELS 1.626

DELAY, MULTI-MODE TRANSMISSION SYSTEMS 1.626
ECHO 1.626

FREQUENCY, CARRIER TRANSMISSION SYSTEMS,

FREQUENCY SHIFT 1.628

HARMONIC, INTERMODULATION 1.625

INTERMODULATION, FM SIGNALS 1.623

LINEAR, DUE TO SAMPLING 1.412

MULTIPATH, THEORY, GENERAL 1.612

MULTI-MODE 1.655

MULTIPLE ECHO, FM SYSTEMS 1.623

NETWORK FUNCTIONS DESCRIBING CIRCUIT 1.821

NONLINEAR, COMMUNICATIONS CHANNELS 1.625

NONLINEAR, FM SIGNALS 1.623
OTHER 1.628

PHASE, COMMUNICATIONS CHANNELS 1.626

POLAR IZ AT ION 1. 626

PROPAGATION, NONLINEAR MEDIA 1.625

PULSE SYSTEMS 1.410

PULSE TRANSMISSION SYSTEMS 1.622

RANDOM SIGNAL PROCESSES 1.624

SIGNAL, COMMUNICATIONS CHANNELS

FUNDAMENTALS 1.621

SIGNAL, SAMPLED DATA SYSTEMS 1.470

SPECIAL, EFFECTING AM, OTHER MODULATION

SYSTEMS 1.624

SPECIAL, EFFECTING FM SYSTEMS 1.623

SSB SYSTEMS 1.624

STOCHASTIC 1.119

STORAGE MEDIA 1.628

TUNED CIRCUIT, FM SIGNALS 1.623

DISTRIBUTION, BIVARIATE NORMAL, MULTIVARIATE

NORMAL I. I12

DISTRIBUTIONS, GENERALIZED, COMPOUND,

CONTAGIOUS I.ll7

DISTRIBUTIONS, NORMAL I.112

DISTURBANCES

AIRCRAFT REFLECTIONS 1.748

ANALYSIS 1.'71



ASSESSMENTMEASURES 1.711AURORAL 1.637
COMMONTOPTMMETHODS,ANALYSIS 1.440COMPUTERSIMULATION 1.719
EXTERNAL,MAN-MADE 1.73GENERAL 1.701
INTENTIONAL,COMMUNICATION,LINKSBYCHAFF 1.750NUMERICALMAGNITUDESTOASSESSTHE

INFLUENCEOF 1.711
OTHER, IN COMMUNICATIONS PLANTS 1.748

TRANSMISSION CHANNELS 1.7

DITHERING 1.511

DOPPLER EFFECTS, PROJECT WEST FORD,

IONOSPHERIC 1.613

DOPPLER SHIFTING CHANNELS, ANALYSIS 1.613

COMPARISON MODULATION SYSTEMS 1.850

DOUBLE FSK 1.333

DOUBLE SIDE BAND SYSTEMS, SEE DSB

DSB AM 1 DATA TRANSMISSION SYSTEMS 1.322

DSB MODULATION 1.222

DSB, SSB, COMPARISON 1.820

DSB SUPPRESSED CARRIER DATA SYSTEMS 1.322

DUCT PROPAGATION, MAGNETO-IONIC 1.642

DUOBINARY TECHNIQUES, LENKURT ELECTRIC CO. 1.345

£
E s LAYER 1.632

EAST-WEST VLF PROPAGATION, NONRECIPROCAL 1.642

ECHOES, AIRCRAFTS 1.636

ECHO AND TIME DELAY, DISTORTIONS, TELEPHONE
CONVERSATIONS 1. 626

ECHO SIGNALS, MICROWAVE PATHS 1.646

ECHO SUPPRESSORS I.654

ECHO TESTS, TELEPHONE 1.659

ECHOES, MOVING SCATTERS, STATISTICS 1.613

ELECTRIC NOISE, NUCLEAR PULSE EFFECTS 1.725

ELECTRICITY, ATMOSPHERIC 1.722

ELECTRIFICATION NOISE 1.723

ELECTROMAGNETIC PULSES, FIELD DESCRIPTIONS 1.621

ELECTROMAGNETIC RADIATION, ELF 1.642

ELECTRON DENSITY, IONOSPHERIC 1.639

ELEMENTARy SIGNALS 1.311

ELF ELECTROMAGNETIC RADIATION 1.642

ENERGY CONTRAST, SIGNAL 1.810

ENTROPY, INSTANTANEOUS, ENTROPY POWER 1.122

ENVELOPE1 GENERALIZED 1.714

ENVELOPE MODULATION, GENERAL 1.221

ENVELOPE MODULATED WAVEFORMS PEAK TO AVERAGE

POWER RATIOS 1.321

ENVELOPE PROCESSES1 MARKOV 1.113

ENVELOPE PROCESSES, MODULATED WAVEFORMS 1.221

ENVELOPES AND PRE-ENVELOPES, REAL WAVEFORMS 1.142

EQUATIONS, INTEGRAL. CONVOLUTION TYPE 1.144

EQUIVOCATION 1.122

ERASURE CHANNELS 1.130

ERGODIC PROCESSES, GENERAL 1.114

ERROR

ALIASING 1.412

CLUSTERING, IMPULSE NOISE 1.743

DISTRIBUTION, HYPERBOLIC 1.743

PROBABILITIES, DEFINITIONS

STATISTICS, COMMUNICATIONS NETWORKS 1.650

STATISTICS, PARETO MODEL 1.651

ERRORS

EXPERIMENTAL, THEORY OF 1.121

QUANTIZATION 1. 511

RECORDING OF TRANSMISSION 1.659

SAMPLING 1.412

TRUNCATION 1.412

EQUATROIAL SPREAD-F E FFECT, VHF PROPAGATION,

NIGHT-TIME 1.637

EXOSPRERIC DUCTS, EXOSPHERIC PROPAGATION 1.638

EXPLOSIONS, HIGH ALTITUDE 1.641

EXPONENTIAL DELTA MODULATION 1.533

EXPONENTIAL DISTRIBUTION 1.117

EXPONENTIALS 1 HARMONIC, ORTHONORMAL 1.311

EXPERIMENTAL ERRORS, THEORY 1.121

EXPERIMENTAL EVALUATION, STATISTICAL

POPULATIONS 1.119

EXTRACTORS, MATCHED FILTER 1.372

EXTRA-TERRESTRIAL PROPAGATION MEDIA 1.638

F
F-SCATTER EFFECTS 1.633

FACTORIAL DISTRIBUTIONS 1.117

FADEOUTS, SHORT-WAVE 1.633

FADING CHANNELS

COMPARISON MODULATION SYSTEMS 1.650

FSK 1.332

PM DATA SYSTEMS 1.340

FADING, MEDIUM WAVE 1.643

FADING, MULTIPATH CHANNELS, ANALYSIS 1.612

FADING PERIOD, VERTICAL AND OBLIQUE INCIDENCE 1.632

FARADAY POLARIZATION ROTATION 1.628

FDM/FM MULTIPLEX MODULATION 1.932

FEEDBACK, FREQUENCY COMPRESSIVE, FM RECEIVERS,

FUNDAMENTALS 1.232

FIGURE OF MERIT, COMMUNICATIONS SYSTEMS 1.810

FIELD WIRE 1.652

FILTER BANKS, INTERCHANNEL CORRELATION 1.714

FILTER DESIGN, DISPERSIVE 1.372

FILTERS

DIGITAL MATCHED 1.372

MICROWAVE RF PULSE COMPRESSION 1.372

OPTIMUM PRE-SAMPLING 1.412

FINITE CONVOLUTION I. 144

FINITE STATE C HANNELS 1. i30

FIXED TERMINAL, RADIO CHANNELS 1.660

FLUCTUATIONS, MICROWAVE SIGNALS 1.646

FLUCTUATIONS, PHASE DIFFERENCE 1.724

FM

CAPTURE EFFECTS 1.232
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CARRIER,ANALOGMULTIPLEXMODULATIONCARRIER,DIGITALMULTIPLEXMODULATION
CARRIERMODULATION, MULTIPLEX

MODULATION

FM - FREQUENCY MODULATION

GENERAL THEORY

LINEAR, RADAR PULSE COMPRESSION

TECHNIQUES

NOISE THRESHOLD PROBLEMS

PULSE REPETITION

RAMP SIGNALS, SWEPT FM WAVEFORMS

RECEIVERS WITH FEEDBACK, FUNDAMENTALS

SAMPLING METHODS

SIGNALS, INTERMODULATION DISTORTION,

NONLINEAR DISTORTION

SIGNALS, POWER SPECTRA

SIGNALS, TUNED CIRCUIT DISTORTIONS

SPECTRA, WOODWARD'S THEOREM

SWEPT

SYSTEMS, AM SUPPRESSION

SYSTEMS, DIGITAL

SYSTEMS, MULTIPLE ECHO DISTORTION,

SPECIAL DISTORTIONS

TECHNIQUES, QUANTIZED

TECHNIQUES, SWEPT

TECHNIQUES, VLF WHISTLER OBSERVATIONS
THRESHOLD IMPROVEMENT

TRANSMISSION SUBSET

FM/AM MULTIPLEX MODULATION

FM/FM MODULATION, FM/FM/FM MULTIPLEX

MODULATION

FM/PDM-AM TELEMETRY SIGNALS

FM/PM MULTIPLEX MODULATION

FORWARD SCATTERING CHANNELS, IONOSPHERIC

FOUR PHASE DATA MODEM, HUGHES HC-270, FOUR

PHASE DATA TRANSMISSION SYSTEMS

FOURIER, ANALYSIS, INTEGRALS, SERIES,
TRANSFORMS

FRAME SEPARATION METHODS, FRAME

SYNCHRONIZATION, PCM

FREQUENCIES

CRITICAL

NEGATIVE

FREQUENCY COMPRESSIVE FEEDBACK

FREQUENCY DEPENDENT NOISE

FREQUENCY HOPPING SYSTEMS

FREQUENCY, INSTANTANEOUS

FREQUENCY MODULATION, SEE FM

FREQUENCY MODULATION, PULSE, SEE PFM (PULSE

FREQUENCY MODULATION)

FREQUENCY PROPAGATION, MEDIUM

FREQUENCY SCINTILLATIONS

FREQUENCY SHIFT DISTORTIONS

FREQUENCY SHIFT KEYING, SEE FSK

FREQUENCY, SIDEBAND INTERMEDIATE RADIO

COMMUNICATIONS SYSTEM

FREQUENCY SLOPE MODULATION (FSM) WIDE BAND

SIGNALS

FREQUENCY SPREADING TECHNIQUES

FREQUENCY SYNTHESIZING NETWORKS

FREQUENCY, TIME-SHIFT KEYED DATA SYSTEMS,
COMBINED

FREQUENCY TIME StlIFT KEYING

FREQUENCY TRANSLATION DISTORTIONS, CARRIER

TRANSMISSION SYSTEMS

FSK - FREQUENCY SHIFT KEYING

FSK/AM MODULATION

1.932

1.934

1.93

1.232

1.200

1.920

1.232

1.433

1.316

1.232

1.43

1.623

1.232

1.623

1.623

1.232

1.232

1.33

1.623

1.333

1.920

1.639

1.232

1.332

1.950

1.932

1.950

1.940

1.663

1.343

1.143

1.523

1.632

1.142

1.232

1.713

1.334

1.142

1.231

1.432

1.643

1.632

1.628

1.221

1.920

1.920

1.146

1.334

1.334

1.628

1.950

FSK/PM MODULATION

FSM (- FREQUENCY SLOPE MODULATION} WIDE BAND

SIGNALS

FT DODGING WAVEFORMS

FTSK

FRESNEL SURFACE INTEGRAL

FSK DIFFERENTIALLY COHERENT (COLLINS)

DOUBLE

FADING CHANNELS

NONCOHERENT BINARY

PSK OVER TELEPHONE LINES, COMPARISON

FSK SYSTEMS, GENERAL

M-ARY

TIME-SHIFT DATA SYSTEMS, COMBINED

G
GAIN, OBSTACLE

GAUSSIAN NOISE

AMPLITUDE DISTORTED, LIMITED, NONLINEAR
DEVICES

BANDLIMrrED, NARROW BAND
WHITE

GAUSSIAN PROCESSES, ZERO-CROSSING PROBLEMS,

RANDOM, COMPLEX

GAUSSIAN SIGNALS

GAUSSIAN SIGNALS IN GAUSSIAN NOISE

GENERAL DYNAMICS DEFT SYSTEM

GENERALIZED AND COMPOUND DISTRIBUTIONS

GENERALIZED ENVELOPE

GROUND BACKSCATTER PROPAGATION

GROUND COMMUNICATIONS NETWORKS,
CHARACTERISTICS

GROUND-TO-AIR CHANNELS

GROUND WAVE PULSE PROPAGATION

GROUP SYNCHRONIZATION

M

HALLICRAFTERS PHASE REVERSAL SYSTEM

HAND-SENT MORSE CODE TRANSMISSIONS

HARMONIC DISTORTIONS

HARMONIC EXPONENTIALS

HEAVISIDE OPERATIONAL CALCULUS

HERTZ IAN CABLES

HF COMMUNICATIONS, LONG DISTANCE, POINT-TO-

POINT LINKS, PROPAGATIONS, TRANSEQUATORIAL

HIGH ALTITUDE EXPLOSIONS

HIGH FREQUENCY, SEE HF

HIGH INFORMATION DELTA MODULATION

HIGH SPEED DATA TRANSMISSION

HIGH TIME-BANDWIDTH PRODUCTS, DATA SYSTEMS

HIGHER ORDER AM SYSTEMS

HIGHER ORDER DATA SYSTEMS, GENERAL

HIGHER ORDER DISCRETE SYSTEMS, COMPARISON

HILBERT SPACE

HILBERT TRANSFORMS

• 1.940"

1.920

1.334

1.334

1.631

1.343

1.333

1.332

1.332

1.840

1.340

1.333

1.334

1.635

1.715

1.714

1.712

1.112

1.311

1.716

1.383

1.117

1.714

1.635

1.650

1.674

1.643

1.523

1.342

1.382

1.625

1.311

1.143

1.662

1.644

1.641

1.533

1.300

1.920

1.325

1.313

1.830

1.141

1.143
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_ItUGHESHC-270FOURPHASEDATAMODEM 1.343
HYPERBOLICERRORDISTRIBUTION 1.743
HYPOTHESIS, TESTING OF, MATHEMATICAL

FUNDAMENTALS 1.119

!
IBM BINARY PM SET 1.342

IDEAL RECEIVER, DESCRIPTION 1.810

IGNITION SYSTEMS1 RADIO INTERFERENCE 1.732

IMPULSE-EQUIVALENT PULSE TRAINS 1.413

IMPULSE NOISE

CABLES, ERROR CLUSTERING, LINES, MODELS 1.743

IMPULSE RESPONSE, CHANNELS 1.622

IMPULSE RESPONSE, TRANSMISSION CIRCUITS 1.651

IMPULSING, LINEAR NETWORKS 1.311

IMPULSIVE ATMOSPHERIC NOISE 1.722

INDEPENDENT PCM CHANNELS, QUADRAPHASE

SUBCARRIER TECHNIQUES 1. 518

INDEPENDENT QUANTIZER ACTIVATORS 1.511

INDEPENDENT SIDEBAND RADIO TELEGRAPHY - ISB 1.382

INDUCTION, NOISE 1.733

INFINITELY CLIPPED NOISE 1.715

INFORMATION, LATTICE THEORY 1.121

INFORMATION, QUANTITY, TRANSMISSION RATE 1.122

INFORMATION TRANSFER EFFICIENCY 1.810

INFORMATION THEORY 1.12

BOOKS 1 SURVEYS 1.120

COMMUNICATIONS TECHNIQUES 1.121

CYBERNETICS 1.120

DEFINITIONS AND TERMINOLOGY 1.122

PHYSICAL MEASUREMENTS 1.121

INSTANTANEOUS ENTROPY 1.122

INSTANTANEOUS FREQUENCY 1.142

1.231

INSTANTANEOUS SPECTRA 1.145

INSTRUMENTATION, STATISTICAL 1.119

INTEGRAL EQUATIONS, CONVOLUTION TYPE 1.144

INTEGRAL TRANSFORMS, GENERAL 1.143

INTEGRALS, FOURIER 1.143

INTEGRATED DATA SYSTEMS 1.300

INTEGRATED WHITE NOISE 1.715

INTERCHANNEL CORRELATION 1 FILTER BANKS 1.714

INTERFERENCE

ADJACENT CHANNEL, CO-CHANNEL, CW, RADAR 1.742

CAR RADIO, IGNITION SYSTEMS 1.732

HEAVY, COMPARISON MODULATION SYSTEMS

UNDER 1.850

INTERSYMBOL, IN PAM 1.420

IONOSPHERIC SOUNDERS 1.744

MACHINES 1.732

POTENTIAL, IONOSPHERIC SOUNDING SERVICES 1.744
POWER LINES 1.733

INTERMITTENT METEORIC COMMUNICATIONS LINKS 1.665

INTERMODULATION DISTORTION 1.625

INTERMODULATION DISTORTION, FM SIGNALS 1.623

INTERMODULATION NOISE 1.742

INTERPLANETARY COMMUNICATIONS, VLF 1.642
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INTERRUPTIONS, CIRCUIT

INTERSYMBOL INTERFERENCE, PAM

INTERVALS, AXIS CROSSING

INVERSE CHARACTERISTIC FUNCTION

INVERSE IONOSPHERE

INVERSE MOMENTS, THEORY

IONIC STRUCTURE, IONOSPHERE

IONIZATION EFFECTS, METEOR

IONOSPHERE

CHARACTERISTICS, GROUP HEIGHT, IONIC

STRUCTURE

INVERSE

IRREGULAR CHARACTERISTICS

PHASE HEIGHT, TRUE HEIGHT
SOLAR ACTIVITy INFLUENCE

IONOSPHERIC CHARACTERISTICS, FAR EAST

IONOSPHERIC DISTURBANCES, IONOSPHERE

DYNAMICS

IONOSPHERIC DOPPLER EFFECT

IONOSPHERIC ELECTRON DENSITY, STUDY BY LUNAR

REFLECTION EXPERIMENTS

IONOSPHERIC EXPLORATION, INCOHERENT SCATTER

TECHNIQUES

IONOSPHERIC FORWARD SCATTERING CHANNELS

IONOSPHERIC FORWARD SCATTERING, GENERAL

IONOSPHERIC IRREGULARITIES

IONOSPHERIC PROPAGATION PATHS, CALCULATION t
RAY TRACING

IONOSPHERIC SCATTER CHANNELS, VHF

IONOSPHERIC SOUNDERS, INTERFERENCE

IONOSPHERIC STORMS

IONOSPHERIC STUDIES, SATELLITE EXPERIMENTS

IONOSPHERIC WAVE GUIDANCE MODES

ISB = INDEPENDENT SIDEBAND RADIO TELEGRAPHY

1

JAMMING

K

KAHN, SSB SYSTEM

KEYING, FREQUENCY SHIFT, SEE FSK

KEYING, ON-OFF

KEYING, PHASE SHIFT, SEE FSK

KNIFE-EDGE DIFFRACTION PROPAGATION

L
LAPLACE TRANSFORM

LAGUERRE POLYNOMIALS

LATITUDE PROPAGATION, NORTHERN

LATTICE THEORY OF INFORMATION

LEGENDRE PCM SYNCHRONIZATION CODES

LENKURT ELECTRIC CO., DUOBINARY TECHNIQUES

LF POLAR PROPAGATION

LIFMOP WAVE FORMS

1.745

1.420

1.111

1.111

1.612

1.111

1.632

1.665

1.632

1.612

1.633

1.632

1.632

1.637

1.633

1.613

1.639

1.639

1.663

1.632

1.633

1.631

1.663

1.744

1.633

1.639

1.632

1.382

1.750

1.223

1.322

1.635

1.143

1.315

1.637

1.121

1.523

1.345

1.642

1.316



LIGHTMODULATEDSCATTERINGTECHNIQUE,DIFFRACTIONFIELDMEASUREMENTS
LIMITEDGAUSSIANNOISE
LIMITEDSPECTRUMFUNCTIONS(USSR)
LIMITINGCHANNELS
LIGHTNINGTRANSIENTS
LINEATTENUATION
LINECOMMUNICATIONSFACILITIES,COMPARISON

OF MODULATION

LINE-OF-SIGHT LINKS, MICROWAVE

LINEAR DISTORTIONS, DUE TO SAMPLING

LINEAR FM, CARRIER PULSES

LINEAR FM RADAR PULSE COMPRESSION TECHNIQUES

1.639

1.715

1.145

1.130

1.722

1.651

1.840

1.662

1.412

1.316

1.920

MAGNETO-IONIC DUCT PROPAGATION ' 1.642

MAN-MADE SIGNALS, WHISTLER MODE

PROPAGATION 1.642

MARKOV CHAINS, ENVELOPE PROCESSES, DISCRETE
TIME 1.113

MATCHED FILTERS, BAYES', EXTRACTORS,

SMEARING-DESMEARING 1.372

MATCHED FILTER RESPONSE TO DIPULSE, TRIPULSE 1.372

MATHEMATICAL FUNDAMENTALS, TIME-DISCRETE

SYSTEMS 1.411

MATHEMATICAL MODELS, PROPAGATION MEDIA 1.631

MATHEMATICAL MODELS, SCATTER CHANNELS 1.612

MATHEMATICAL STATISTICS 1.110

MATHEMATICS, STATISTICAL, FUNDAMENTALS OF 1.11

LINEAR NETWORKS, IMPULSING

LINEARITY, DEFINITION

LINES

LINKS

CHARACTERISTICS

IMPULSE NOISE

PHASE EQUALIZATION

BEYOND LINE-OF-SIGHT SATELLITE

HF POINT-TO-POINT

INTERMITTENT METEORIC COMMUNICATIONS

MICROWAVE LINE-OF-SIGHT, RADIO RELAY

SPACE COMMUNICATIONS, GENERAL

REQUIREMENTS

TANDEM, NOISE

LITHOSPHERIC PROPAGATION

LITTON SYSTEMS, AIR-TO-GROUND DATA SYSTEM

LOADED CABLE FACILITIES

LOG-NORMAL PROBABILITY DISTRIBUTIONS,

SCATTER CHANNELS

LOGARITHMIC PCM, QUANTIZATION

LOGARITHMIC PHASE MODULATION WAVEFORMS

LOG-NORMAL DISTRIBUTIONS

LOGICOM, CANADIAN SYSTEM

LONG DISTANCE SYSTEMS, DELAY DISTORTION

CHARACTERISTICS

LONG DISTANCE WAVEGUIDE PLANTS,

CHARACTERISTICS OF

LOOP TESTING, SUBSCRIBER

LOWER ATMOSPtIERE, CHARACTERISTICS

LUNAR REFLECTION CHANNELS

LUNAR REFLECTION EXPERIMENTS, STUDY

IONOSPHERIC ELECTRON DENSITY

LUNAR SEMI-DIRUNAL TIDES, TRANSEQUATROIAL

HF PROPAGATION

M

M-ARY AM DATA SYSTEMS

M-ARY, BINARY DIGITAl, SYSTEMS, COMPARISON

M-ARY DIGITAL TRANSMISSION SYSTEMS

M-ARY PCM ENCODING

M-ARY PHASE SHIFT DATA SYSTEMS

MAGNETIC INDUCTION, NOISE

1.311

1.621

1.652

1.743

1.652

1.675

1.644

1.665

1.662

1.602

1.748

1.636

1.343

1.652

1.611

1.512

1.316

1.117

1.383

1.626

1.655

1.659

1.634

1.667

1.639

1.644

1.325

1.830

1.313

1.518

1.344

1.733

MATHEMATICS, STATISTICAL, APPLICABLE TO

MODULATION AND CHANNELS, GENERAL 1.11O

MATHEMATICS, STATISTICAL, RELATED TO SPACE

COMMUNICATIONS, OTHER 1.118

MAXIMUM LENGTH SEQUENCES, DATA SYSTEMS 1.314

MAXIMUM USABLE FREQUENCY (MUF) 1.632

1. 644

MEASUREMENT SCALE, NOISE 1.711

MELLIN TRANSFORM 1.143

MEMORY, OF CHANNELS 1.130

METEOR IONIZATION EFFECTS, SCATTERING,

SCATTER CHANNELS 1.665

METEORIC COMMUNICATIONS LINKS, INTERMITTENT 1.665

MFSK = MULTIPLE FREQUENCY SHIFT KEYING 1.333

MICROWAVE LINE-OF-SIGHT CHANNELS, PHASE

VARIATIONS 1.626

MICROWAVE LINE-OF-SIGHT LINKS 1.662

MICROWAVE PATHS, ECHO SIGNALS ON,

PROPAGATION 1.646

MICROWAVE RADIO RELAY LINKS 1.662

MICROWAVE RF PULSE COMPRESSION FILTERS 1.372

MICROWAVE SIGNALS, FLUCTUATIONS 1.646

MIT, SECO SYSTEM 1.344

MOBILE CHANNELS, CHARACTERISTICS 1.67

MOBILE COMMUNICATIONS, SPECIAL PROPAGATION

PROBLEMS 1.673

MOBILE COMMUNICATIONS CHANNELS ON EARTH 1.673

MODE CONVERSION PROBLEMS 1.655

MODE THEORY, VLF PROPAGATION 1.642

MODEL, PARETO, FOR ERROR STATISTICS 1.651

MODELS

CHANNEL 1.13

1.130

IMPULSE NOISE 1.743

MATHEMATICAL, SCATTER CHANNELS 1.612

MULTIPATH STRUCTURES 1.612

MODEM, DI-PHASE (MOTOROLA) 1.342

MODEM, QUAD-PHASE, MOTOROLA 1.343

MODULATED SIGNALS, POWER SPECTRA, GENERAL 1.210

MODULATED SIGNALS, STATISTICAL DESCRIPTION 1.210

MODULATED WAVEFORMS, AUTOCORRELATION

FUNCTIONS 1.210
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_ODUL_ATEDWAVEFORMS,ENVELOPE,PEAKTO

AVERAGE POWER RATIOS 1.221

MODULATION

AMPLITUDE, SEE AM 1.22
ANALOG 1.2

ANALOG, COMMON PROBLEMS 1.200

ANALOG GENERAL 1. 200

ANALOG MULTIPLEX, FM CARRIER 1.932

ANALOG POLYPHASE 1.233

ANALYTICAL BACKGROUND FOR COMPARISON

OF METHODS 1.810

AND CHANNELS, STATISTICAL MATHEMATICS

APPLICABLE TO, GENERAL 1.110

ANGLE, COMMON PROBLEMS 1.231

ASYMMETRICAL SIDEBAND 1.224

COMPLEMENTARY ORTHOGONAL 1. 222

DELTA, SEE DELTA MODULATION 1.63

DELTA-SIGMA 1. 533

DIGITAL 1.3

DIGITAL 1.3

DIGITAL, ANALYSIS 1.31

DIGITAL MULTIPLEX, FM CARRIER 1.934

DIGITAL MULTIPLEX, FM CARRIER 1.934
DSB 1.222

ENVELOPE, GENERAL 1.221

FDM/FM MULTIPLEX 1.932

FM/AM MULTIPLEX 1.950

FM/FM, MULTIPLEX 1.932

FM/PM MULTIPLEX 1.040

FREQUENCY, SEE FM 1.232

FREQUENCY SLOPE, SEE FSM

FSK/AM 1.950

FSK/PM 1.040

GENERAL 1.100

GENERAL THEORY AM, FM 1.200

HYBRID 1.280

MULTIPLEX, COMPARISON OF METHODS FOR
TELEMETRY 1.902

MULTIPLEX, FM CARRIER MODULATION 1.93

MULTIPLEX, GENERAL 1.00

NON-GAUSSIAN CHANNELS, COMPARISON

METHODS 1.840

NONLINEAR SAMPLING 1.416

NONLINEARITIES, PROPAGATION MEDIUM 1.280

NYMPH NARROW BAND MULTIPHASE 1.344

PACM/FM 1.934

PAM/FM, PAM/FM/FM 1.933

PAM/FM/AM MULTIPLEX 1.950

PAM/PCM- FM, PCM/FM 1.934

PCM/PS 1.940

PCM/SSM 1.950

PDM/AM 1.950

PDM/FM, PDM/FM/FM 1.933

PHASE, SEE PM 1.233

PHASE QUADRATURE 1.222

POLARIZATION 1.280

PPM/FM 1.933

PROBLEMS, SAMPLED DATA SYSTEMS 1.470

PSK-AM 1.950

PULSE 1.400

PULSE AMPLITUDE, SEE PAM (PULSE

AMPLITUDE MODULATION) 1.42

PULSE CODE, SEE PCM 1.5

PULSE DELAY 1 LENGTH, NUMBER, PERIOD 1.433

PULSE DURATION, SEE PDM AND PWM

PULSE FREQUENCY, SEE PFM (PULSE

FREQUENCY MODULATION) 1.432

PULSE INTERVAL 1.444

PULSE PHASE, SEE PphM

PULSE POSITION, SEE PPM

PULSE REPETITION FREQUENCY, RATE 1.433

PULSE SLOPE 1.482

PULSE TIME, SEE PTM, PULSE TIME
MODULATION 1.44

PULSE WIDTH, SEE PWM AND PDM 1.443

RADIO LINKS, COMPARISON METHODS 1.902

SAMPLING 1.4

SAMPLING, CONTROL SYSTEMS 1.47

SAMPLING, FUNDAMENTALS 1.41

SAMPLING MULTIPLEX, FM CARRIER 1.933

SAMPLING, GENERAL 1.400

SAMPLING1 OTHER METHODS 1.48

SEMI-ANALOG 1.400

SS/FIvl 1.932

SSB 1.223

SSB, THIRD METHOD 1.223

SPLATTER 1.742

SYSTEMS, BIBLIOGRAPHIES, BOOKS,
COMPARATIVE REVIEWS 1.800

SYSTEMS, CO 1.382

SYSTEMS, COHERENT DETECTOR OPERATION

COMPARISON 1.860

SYSTEMS, COMPARISON OF FOR COMMUNICATIONS

LINKS, POWER LINE NETWORKS 1.802
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SYSTEMS, COMPARISON OF, OPERATING OVER LINE

COMMUNICATIONS FACILITIES 1.840

SYSTEMS, COMPARISON OF OVER

MULTIPATH CIRCUITS 1.650

SYSTEMS, COMPARISONS THREE CLASSES,

ANALOG, SAMPLED, DIGITAL 1.802

SYSTEMS, DISCRETE, COMPARISON OF 1.830

SYSTEMS, DOPPLER SHIFTING CHANNELS,

COMPARISON 1.850

SYSTEMS, FADING CHANNELS 1.850

SYSTEMS, GENERAL COMPARISONS 1.80

SYSTEMS, HEAVY INTERFERENCE, COMPARISON 1.850

SYSTEMS, LITERATURE SURVEYS 1.800

SYSTEMS 1 POWER LIMITATIONS, COMPARISON 1.860

SYSTEMS, RADIO FACILITIES1 COMPARISON 1.850

SYSTEMS1 SPECIAL EQUIPMENT CONDITIONS,

COMPARISON 1.860

SYSTEMS, TIME VARIANT CHANNELS, COMPARISON 1.850

TECHNIQUES, PASSIVE 1.280

TIME INTERVAL 1.444

TRIPLE FM 1.932

VARIOUS ANALOG 1.280

VESTIGIAL SIDEBAND 1.224

VOICE CHANNELS1 COMPARISON METHODS 1.840

WIDEBAND 1.9

1.920

MOMENT DESCRIPTIONS 1.117

MOMENTS, INVERSE, THEORY 1.111

MOON RELAYS, CHANNEL CHARACTERISTICS 1.667

MORSE CODE TRANSMISSION 1 HAND-SENT 1.382

MOTOROLA (DI-PHASE MODEM) 1.342

MOTOROLA'S QUAD-PHASE MODEM 1.343

MRF = MULTIPATH REDUCTION FACTOR 1.612

MUF = MAXIMUM USABLE FREQUENCIES 1.644

1.632

MULTI-DIGITAL OPERATION 1.317

MULTI-EPOCH SIGNALS 1.317

MULTI-FREQUENCY DATA-PHONE SERVICE 1.333

MULTIPATH AND FADING CHANNELS, ANALYSIS 1.612

MULTIPATH CHANNELS, SURVEYS COMMUNICATIONS

METHODS FOR 1.660

MULTIPATH CIRCUITS, COMPARISON MODULATION

SYSTEMS OVER 1.860

MULTIPATH DISTORTIONS, THEORY, GENERAL 1.612

MULTIPATH JITTER, TIME STABILITY 1.611

MULTIPATH REDUCTION FACTOR = MRF 1.612

MULTIPATH STRUCTURES, MODELS 1.612

MULTI-FUNCTIONAL DATA TRANSMISSION SYSTEMS 1.363

MULTI-LEVEL AM DATA SYSTEMS 1.325

MULTI-LEVEL PCM 1.518

MULTILOCK DATA SYSTEM, ROBERTSHAW FULTON

CONTROL CO. 1.345

MULTI-MODE DISTORTIONS 1.655

MULTI-MODE TRANSMISSION LINES 1.655

MULTI-MODE TRANSMISSION SYSTEMS, DELAY

DISTORTIONS 1. 626

MULTI-PHASE DATA SYSTEMS 1.344

MULTIPLE ECHO DISTORTION, FM SYSTEMS 1.623

MULTIPLE FREQUENCY SHIFT KEYING (MFSK) SYSTEMS 1.333

MULTIPLE ORTHOGONAL SIGNAL TRANSMISSION

SYSTEMS 1.317

MULTIPLE SIGNALS, WAVEFORMS 1.317

MULTIPLEX MODULATION, AM, OUTPUT CARRIER 1.950

MULTIPLEX MODULATION COMPARISON 1.902

MULTIPLEX MODULATION 1 FM CARRIER MODULATION 1.93



MULTIPLEXMODULATION,GENERAL 1.90
MULTIPLEXMODULATION,PM,OUTPUTCARRIER 1.940
MULTIPLEXMODULATION,TELEMETRY,COMPARISON1.902
MULTIPLEXVOICECHANNELS,PCM 1.572
MULTIVARIABLESAMPLEDDATASYSTEMS,FUNDAMENTALS 1.470
MULTIVARIATEDISTRIBUTIONS 1.117
MULTIVARIATENORMALDISTRIBUTION 1.112
MUSICALATMOSPHERES 1.642
MUSICALATMOSPHERES 1.722

N
NAKAGAMI-RICE DISTRIBUTION 1.117

NARROW BAND GAUSSIAN NOISE 1.714

NARROW- BANDEDNESS 1.621

NATIONAL CASH REGISTER CO., QFM SYSTEM 1.334

NATURAL PROPAGATION MEDIA, ANALYTICAL

BACKGROUND, DESCRIPTION 1.631

NATURAL PROPAGATION MEDIA, CHARACTERISTICS 1.63

NEEDLES CHANNELS 1.666

NEGATIVE FREQUENCIES 1.142

NEGATIVE IMPEDANCE REPEATERS 1.522

NEGENTROPY 1.122

NETWORK FUNCTIONS DESCRIBING CIRCUIT DISTORTIONS 1.621

NETWORK PROBLEMS, ORTHOGONAL 1.315

NETWORKS,

COMMUNICATIONS, ERROR STATISTICS FOR 1.650

FREQUENCY SYNTHESIZING I.146

IMPULSING OF LINEAR 1.311

STRIPLINE ALL-PASS 1.372

TIME-LIMITED ORTHOGONAL OUTPUTS 1.315

NEURON CHANNELS 1.130

TIME EQUATORIAL VHF PROPAGATION 1.637NIGHT

NOISE

ACCUMULATION, MULTI-SECTION RADIO RELAY

LINKS 1.748

AFTER COHERENT DETECTION 1.715

AMPLITUDE DISTORTED GAUSSIAN 1.715

ANALYSIS 1.71

AND SIGNAL DISTRIBUTIONS, PRAC TICAL 1.117

ANOMALIES ATMOSPHERIC REFRACTION INDEX 1.724

ASSESSMENT MEASURES 1.711

ATMOSPHERIC 1.722

BANDLIMITED GAUSSIAN 1.714

BOOKS ON 1.701

BOUNDARY LAYER TURBULENCE 1.724

CIRCUIT, BOOKS, SURVEYS, AND REVIEWS ON 1.702

CLOUDS AND MOIST LAYERS 1.724

COLORED 1.713

COMMUNIC ATIONS 1.74

COMMUNICATION SYSTEMS, WAVEFORMS 1.316

COMPUTER GENERATION, SIMULATION 1.719

CORRELATED 1.742

CROSSTALK 1.742

DIELECTRIC 1.723

ELECTRIC, NUCLEAR PULSE EFFECTS 1.725
ELECTRIFICATION 1.723

FREQUENCY DEPENDENT 1.713

GAUSSIAN, THROUGH NONLINEAR DEVICES 1.715

GENERAL 1.701

GENERATED BY PttYSICAL MOVEMENT PARTICLES

IN TftE MEDIUM 1.724

GENERATION, RANDOM, FUNDAMENTALS 1.119

IMMUNITY, GENERAL TRF:ATM ENT 1.120

IMPULSIVE ATMOSPHERIC 1.722

INDUCTION 1.733

INFINITELY CLIPPED 1.715

INTEGRATED WHITE 1.715

INTERMODU LATION 1.742

LIMITED GAUSSIAN ° 1.715 'l

MAGNETIC INDUCTION 1.733 **

NARROW BAND GAUSSIAN 1.714

NATURAL ORIGIN 1.72

NON-WHITE 1.713

NUCLEAR 1.725

NUMBER OVERSHOOTS, NORMAL 1.712
PARTIALLY CORRELATED CHANNELS 1.714

PEAKS, DURATION 1.712

PHYSICAL ATTRIBUTES 1.711

PLASMA 1.724

PLUS SIGNALS, VARIOUS CIRCUITS 1.716
POST DETECTION STATISTICS 1.715

PRECIPITATION 1.723

PULSIVE, IN COMMUNICATIONS CHANNELS 1.743

QUANTIZATION 1.511

RADIO, OF TERRESTRIAL ORIGIN 1.722

RECTIFIED NARROW BAND 1.715

REVIEWS THERMAL AGITATION 1.702

SCALE OF MEASUREMENT 1.711

SIMULATION PULSIVE 1.719

SITE 1.732

STATIONARY, IN GENERAL 1.713

TANDEM LINKS 1.748

THRESHOLD PROBLEMS, FM 1.232

THRESHOLD PROBLEMS, GENERAL 1.231

TOTAL, IN PCM SYSTEMS 1.510

TRANSISTOR, REVIEWS ON 1.702
TRANSMISSION CHANNELS 1.7

TURBULENT 1.724

VLF RADIO 1.722

UNITS 1.711

WIDE BAND NON-GAUSSIAN 1.713

WHITE GAUSSIAN 1.712

ZERO-CROSSING PROBLEM 1.712

NOISE-PROOF FACTOR 1.122

NOISELESS CHANNELS 1.130

NOISELESS CHANNELS, GENERAL THEORY 1.611

NON BINARY DATA TRANSMISSION SYSTEMS 1.313

NONBINARY PCM 1.518

NONCOHERENT BINARY FSK 1.332

NON-GAUSSIAN CHANNELS, COMPARISON MODULATION
METHODS 1.840

NON-GAUSSIAN NOISE, WIDE BAND 1.713

NON-GAUSSIAN PROCESSES 1.114

NON-GAUSSIAN PROCESSES IN NON-GAUSSIAN NOISE 1.717

NONLINEAR CHANNELS 1.130

NONLINEAR CHARACTERISTICS, CROSS MODULATION 1.625

NONLINEAR CHARACTERISTICS, QUANTIZERS 1.512

NONLINEAR DEVICES, GAUSSIAN NOISE 1.715

NONLINEAR DISTORTIONS, COMMUNICATIONS CHANNELS,

COMPANDING DEVICES 1.625

NONLINEAR DISTORTION, FM SIGNALS 1.623

NONLINEAR PCM 1.512

NONLINEAR SAMPLING MODULATION 1.418

NONLINEAR TRANSFORMATIONS, RANDOM PROC ESSES 1.111

NONRECIPROCAL EAST-WEST VLF PROPAGATION 1.642

NONSTATIONARY NOISE PROCESSES 1.717

NONSTATIONARY PROC ESSES 1.114

NON-WHITE NOISE 1.713

NORMAL DISTRIBUTIONS, BIVARIATE 1.112

NORMAL NOISE, ZERO-CROSSING PROBLEM 1.712

NORTflERN LATITUDE PROPAGATION 1.637

NUCLEAR EXPLOSIONS, EFFECTS OF ON PROPAGATION 1.639

NUCLEAR EXPLOSIONS, RADIO NOISE 1.725

NUCLEAR PULSE EFFECTS, ELECTRIC NOISE, PULSE

RADIATION 1.725

466



_NUMERICALMAGNITUDES,ASSESSMENTINFLUENCEOF
DISTURBANCES i.711

NYMPHNARROWBANDMULTIPHASEMODULATION1.344

O

OBLIQUE INCIDENCE 1 FADING PERIOD 1.632

OBLIQUE INCIDENCE SOUNDING TECHNIQUES 1.639

OBSTACLE GAIN 1.635

OCEANIC DUCTS1 TRADE WIND INVERSION 1.645

OMNIDIRECTIONAL COMMUNICATIONS CHANNELS 1.672

ON-OFF KEYING 1.322

ONE-SIDED BARRIER PROBLEM I.112

1.712

OPEN WIRE LINES, TRANSPOSITION SYSTEMS 1.652

OPTIMUM PRE-SAMPLING FILTERS 1.412

ORBITAL DIPOLE CHANNELS 1.666

ORDER WIRES, PCM SYSTEMS 1.522

ORTHOGONAL BINARY SEQUENCES 1.314

ORTHOGONAL FUNCTION EXPANSIONS, WAVEFORMS 1.311

ORTHOGONAL MODULATION, COMPLEMENTARY 1.222

ORTHOGONAL NETWORK PROBLEMS 1.315

ORTHOGONAL POLYNOMIALS PRODUCTS, TRIGONOMETRIC
FUNCTIONS 1.315

ORTHOGONAL SIGNAL TRANSMISSION SYSTEMS, MULTIPLE 1.317

ORTHOGONAL WAVEFORMS, SPECIAL SETS 1.315

ORTHOMATCH DATA SYSTEMS 1.333

ORTHONORMAL EXPONENTIALS 1.311

OUTAGES, COMMUNICATIONS PLANTS 1.745

OUTPUT PROBABILITIES, CORRELATION DETECTORS 1.716

OVERLAPPING SIGNALS, SMEARING TECHNIQUES 1.317

P

PACM/FM MODULATION 1.934

PAM, INTERSYMBOL INTERFERENCE 1.420

PAM = PULSE AMPLITUDE MODULATION

PAM, RESOLUTION AND TELEMETRY ACCURACY 1.420

PAM/FM MODULATION, PAM/FM/FM MODULATION 1.933

PAM/FM/AM MULTIPLEX MODULATION 1.950

PAM/PCM-FM MODULATION 1.934

PARETO MODEL, ERROR STATISTICS 1.651

PASSIVE MODULATION TECHNIQUES 1.280

PASSIVE REPEATERS, RADIO RELAY LINKS 1.662

PCM

AMPLITUDE COMPRESSION 1.512

BI-ORTHOGONAL, BI-POLAR SIGNALS, BI-

TERNARY 1.518

BIT SYNCHRONIZATION 1.523

BOOKS, GENERAL, SURVEYS 1.500

CABLE SYSTEM, DI-PHASE 1.518
COMPANDING LAWS 1.512

DESIGN PROBLEMS 1.52

DI-PULSE, MULTI-LEVEL, NONBINARY,

QUATERNARY 1.516

ENCODING1 M-ARY 1.518

FRAME SYNCHRONIZATION 1. 523

LOGARITHMIC, NONLINEAR 1.512
MULTIPLEX VOICE CHANNELS 1.572

ORDER WIRES 1. 522

PERFORMANCE CRITERIA 1.510

PICTURE TRANSMISSION LINKS 1.574

PPM VERNIER 1.442

PPM VERNIER OPERATIONS 1.516

PCM - PULSE CODE MODULATION 1.5

REPEATERS i.522

SPECIAL APPLICATIONS 1.57

SYNCHRONIZATION 1.523

TELEMETRY, ADAPTIVE TECHNIQUES 1.573

TELEMETRY, COMMAND LINKS 1.572

TELEMETRY INSTALLATIONS, SYSTEMS DESIGN 1.573

TELEMETRY, PRINCIPLES CODING AND DECODING

PROCESSES 1.573

TELEMETRY RF PARAMETERS 1.573

THEORY, GENERAL 1.510

TOTAL NOISE 1.510

VOICE CHANNELS, EXPERIMENTAL 1.572

VARIOUS SPECIAL METHODS 1.512

WEIGHTED 1.518

PCM/FM MODULATION 1.934

PCM-PC-PM TELEMETRY SIGNALS 1.940

PCM/PS MODULATION 1.940

PCM/SSM MODULATION 1.950

PDM = PULSE DURATION MODULATION 1.443

PDM/AM MODULATION 1.950

PDM/FM MODULATION, PDM/FM/FM MODULATION 1.933

PEAK POWER LIMITED CHANNELS 1.860

PEARSON DISTRIBUTIONS 1.117

PERFORMANCE CRITERIA, PCM SYSTEMS 1.510

PERTURBATION METHODS, PATH EVALUATION 1.631

PFM = PULSE FREQUENCY MODULATION 1.432

PHASE DIFFERENCE FLUCTUATIONS 1.724

PHASE DIFFERENCE FLUCTUATIONS, TURBULENT MEDIA 1.626

PHASE DISTORTIONS, COMMUNICTIONA CHANNELS 1.626

PHASE EQUALIZATION, LINES 1.652

PHASE MODULATION 1 SEE PM

PHASE MULTILOCK SYSTEM 1.345

PHASE PATH, CHANGES 1.632

PHASE QUADRATURE MODULATION 1.222

PHASE QUANTIZATION DATA TRANSMISSION SYSTEMS 1.344

PHASE REVERSAL DATA SYSTEMS, DIFFERENTIALLY

COHERENT, HALLICRAFTER " 1.342

PHASE SHIFT KEYING, SEE PSK

PHASE SPECTRA, SIGNALS 1.145

PHASE VARIATIONS, MICROWAVE LINE-OF-SIGHT

CHANNELS, VLF PROPAGATION 1.626

PICTURE REGENERATION, QUANTIZED DATA, DELTA

MODULATION, PCM 1.574

PLASMA EFFECTS, PROPAGATION, LOWER ATMOSPHERE 1.635

PLASMA NOISE 1.724

PM = PHASE MODULATION 1.233

PM, AM, SIMULTANEOUS, IN DATA SYSTEMS 1.383

PM DATA SYSTEMS, BINARY 1.342

PM DATA SYSTEMS, FADING CHANNELS 1.340

PM, OUTPUT CARRIER, MULTIPLEX MODULATION 1.940

PM SYSTEMS, DIGITAL 1.34

PN SEQUENCES, DATA SYSTEMS 1.314

PN SEQUENCES, WIDEBAND SIGNALS 1.920

POINT-TO-POINT LINKS, HF 1.644

POINT-TO-POINT RADIO COMMUNICATIONS 1.660

POINT-TO-POINT SPACE CHANNELS 1.667

POLAR RADIO BLACKOUTS, COMMUNICATIONS 1.637

POLAR PROPAGATION, LF 1.642
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POLARIZATION DISTORTIONS

POLARIZATION MODULATION

POLARIZATION ROTATION, FARADAY

POLARIZATION SYSTEM ANALYSIS

POLYNOMIAL-LIKE SIGNALS

POLYNOMIALS, LAGUERRE

POLYPHASE MODULATION, ANALOG

POST DETECTION STATISTICS, NOISE

POWER CONTRAST, SIGNAL

POWER, ENTROPY

POWER LIMITED CHANNELS, AVERAGE, PEAK

POWER LINES, INTERFERENCE

POWER LINES, PROPAGATION INFLUENCE

1.628

1.280

1.628

1.628

1.314

1.315

1.233

1.715

1.810

1.122

1.860

1.733

1.635

POWER RAT_S, PEAK TO AVERAGE ENVELOPE MODULATED

WAVE FORMS 1. 221

POWER SPECTRA, COMPUTER ANALYSIS 1.210

POWER SPECTRA, FM SIGNALS 1.232

POWER SPECTRA, GENERAL 1.145

POWER SPECTRA, MODULATED SIGNALS, GENERAL,
MEASUREMENT 1.210

POWER SPECTRA, PULSE SYSTEMS 1.413

POWER SUPPLY NETWORKS, COMPARISON MODULATION
SYSTEMS FOR COMMUNICATIONS LINKS 1.802

PPhM = PULSE PHASE MODULATION 1.442

PPM

ASYMMETRICAL SIDEBAND 1.224

BANDWIDTH LIMITATIONS 1.442

PPM - PULSE POSITION MODULATION 1.442

SIGNALS, AUTOCORRELATION 1.442

VERNIER, PCM SYSTEMS 1.442

VERNIER OPERATIONS, PCM 1.518

PPM/FM MODULATION 1.933

PRECIPITATION NOISE, STATIC 1.723

PRE-ENVELOPES AND ENVELOPES, REAL WAVEFORMS 1.142

PRICE'S THEOREM 1.111

PROBABILITy SAMPLING, CONFIDENCE CRITERIA,

UNEQUAL 1.414

PROBABILITY THEORY, GENERAL 1.110

PROJECT WEST FORD, DOPPLER EFFECTS 1.613

PROJECT WEST FORD CHANNELS 1.666

PROLATE SPHERSIDAL WAVE FUNCTIONS 1.311

PROPAGATING WAVES, VELOCITY MODULATION 1.280

PROPAGATION

ARCTIC VLF 1.637

CHARACTERISTICS, AURORAL ZONE,
GEOGRAPHIC AREAS 1.637

CHARACTERISTICS, SPECIAL WAVE BANDS 1.64

CHARACTERISTICS, TELEVISION SIGNAL 1.672

EFFECTS NUCLEAR EXPLOSIONS ON 1.641

EFFECTS SEVERAL WAVEBANDS, COMPARISON 1.639

EFFECTS, SPECIAL UNEXPLORED 1.680

EXOSPHERIC 1.638

GROUND BACKSCATTER 1.635

GROUND WAVE PULSE 1.643

HF 1.644

INFLUENCES, METALLIC STRUCTURES, POWER

LINES, RAILWAYS 1.635

KNIEE-EDGE DIFFRACTION 1.635

LF 1.642

LITHOS PHERIC 1.636

LONG DISTANCE PULSE 1.644

LONG WAVE 1.643

LOWER ATMOSPHERE, PLASMA EFFECTS 1.635
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MAGNETO-IONIC DUCT 1.64_

MEDIA, EXPERIMENTAL EVALUATION 1.639

MEDIA, EXTRA-TERRESTRIAL 1.638

MEDIA, MATHEMATICAL MODELS 1.631

MEDIA, NATURAL, ANALYTICAL BACKGROUND,

DESCRIPTION 1.631

MEDIA, NATURAL, CHARACTERISTICS 1.63

MEDIUM FREQUENCY 1.643

MEDIUM, MODULATION NONLINEARITIES 1.280

MICROWAVE 1.646

MODE THEORY VLF 1.642

NIGHT TIME EQUATORIAL VHF 1.637

NONRECIPROCAL EAST-WEST VLF 1.642

NORTHERN LATITUDE 1.637

PATHS, IONOSPHERIC CALCULATION 1.631

PATHS, UNDERGROUND, CHARACTERISTICS,
UNDERWATER 1.636

PROBLEMS IN MOBILE COMMUNICATIONS 1.673

PROPAGATION, RADIO WAVE, COAST LINE EFFECTS 1.635

ROCK STRATA, SEISMIC WAVE 1.636

SHORT WAVE 1.644

TERRAIN INFLUENCE 1.635

TRANSEQUATORIAL F-LAYER, VLF 1.637

TRANSEQUATORIAL HF, LUNAR SEMI-DURNAL

TIDES IN 1.644

ULTRA SHORT WAVE 1.645

VLF 1.642

VHF, OFF PATH 1.645

VHF-UHF 1.645

WHISTLER MODE, FOR MAN-MADE SIGNALS 1.642

PSEUDO-INVERSE, MATRIX 1.111

PSEUDO-RANDOM BINARY SEQUENCES 1.314

PSEUDO-RANDOM CODING, SYNCHRONIZATION 1.523

PSEUDO-SPECTRA 1.145

PSK - PHASE SHIFT KEYING

PSK/AM MODULATION 1.950

PAK, FSK OVER TELEPHONE LINES, COMPARISON 1.840

PTM, ANALYSIS, COMMON DISTURBANCES, COMPANDING

METHODS 1.440

PTM, GENERAL 1.440

PTM = PULSE TIME MODULATION 1.44

PULSE 1.432

PULSE AMPLITUDE MODULATION, SEE PAM 1.42

PULSE CODE MODULATION, SEE PCM 1.5

PULSE COMMUNICATIONS, BANDWIDTH LIMITATIONS,

TIME JITTER 1.410

PULSE COMPRESSION SIGNALS 1.316

PULSE COMPRESSION TRANSMISSION SYSTEMS 1.920

PULSE DELAY MODULATION 1.433

PULSE DURATION MODULATION, SEE PDM 1.443

PULSE FREQUENCY MODULATION, SEE PFM 1.432

PULSE INTERVAL MODULATION 1.444

PULSE LENGTH MODULATION 1.433

PULSE MODULATED TIME SERIES, PERIODIC 1.410

PULSE MODULATION 1.400

PULSE NUMBER MODULATION, PULSE PERIOD

MODULATION 1.433

PULSE PHASE MODULATION, SEE PPhM

PULSE POSITION MODULATION, SEE PPM 1.442

PULSE PROPAGATION, GROUND WAVE 1.643

PULSE PROPAGATION, LONG DISTANCE 1.644

PULSE PROPAGATION UNDER WATER 1. 636

PULSE REPETITION FM, RATE MODULATION 1.433

PULSE SLOPE MODULATION 1.482

PULSE SOUNDING, SWEEP FREQUENCY 1.639



PULSESTRETCHINGTECHNIQUES 1.920
PULSESYSTEMS

BOOKS,THEORY 1.410DISTORTIONS 1.410POWERSPECTRA 1.413
PULSETIMEMODULATION,SEEPTM 1.44
PULSETRAINS,CORRELATIONCHARACTERISTICS,IMPULSE-EQUIVALENT 1.413
PULSE TRAINS, SPECTRA, STATISTICAL CHARACTERISTICS 1.413

PULSE TRANSFER FUNCTIONS, PULSE TRANSMISSION,

DISTORTIONS 1.622

PULSE TRANSMISSION, FUNDAMENTALS 1.621

PULSE WIDTH MODULATION 1 SEE PWM 1.443

PULSES, ELECTROMAGNETIC, FIELD DESCRIPTIONS 1.621

PULSIVE NOISE ANALYSIS 1.717

PULSIVE NOISE, COMMUNICATIONS CHANNELS 1.743

PULSIVE NOISE, SIMULATION 1.719

pWM - PULSE WIDTH MODULATION 1.443

PWM-PFM, TWO-STATE MODULATION 1.432

Q
Q-ARY FSK SYSTEMS 1.333

QFM (QUANTIZED PHASE MODULATION), NATIONAL

CASH REGISTER CO. 1.344

QUAD-PHASE MODEM, MOTOROLA 1.343

QUADRAPHASE SUBCARRIER TECHNIQUES, INDEPENDENT

PCM CHANNE LS 1. 518

QUADRATIC SSB SYSTEM 1.223

QUADRATURE MODULATIONS, PHASE 1.222

QUANTITIES, ALGEBRA, STOCHASTIC 1.110

QUANTITY, INFORMATION 1.122

QUANTIZATION, BLOCK, QUANTIZATION ERRORS,

QUANTIZATION NOISE, QUANTIZATION PROCESSES 1.511

QUA_ITIZATION, LOGARITHMIC 1.512

QUANTIZED DATA, PICTURE REGENERATION 1.574

QUANTIZED FM TECHNIQUES 1.333

QUANTIZED PHASE MODULATION 1 SEE QFM 1.344

QUANTIZED PROCESSES, CORRELATION PROPERTIES 1.511

QUANTIZED SIGNALS, SPECTRA 1.511

QUANTIZERS1 NONLINEAR CHARACTERISTICS 1.512

QUANTUM CHANNELS 1.130

QUASI CORRELATION METHODS (USSR) 1.144

QUASI STATIONARY NOISE PROCESSES 1.717

QUATERNARY DIGITAL SYSTEMS, GENERAL 1.313

QUATERNARY PHASE SHIFT DATA SYSTEMS 1.343

QUATERNARY PCM 1.518

R
RADAR CLUTTER SIMULATION 1.719

RADAR INTERFERENCE 1.742

RADAR PULSE COMPRESSION TECHNIQUES, LINEAR FM 1.920

RADIATION, ELF ELECTROMAGNETIC 1.642

RADIO AURORA, BLACKOUTS, POLAR 1.637
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RADIO BURSTS 1.633

RADIO CHANNELS, FIXED TERMINALS 1.660

RADIO COMMUNICATIONS, DEEP STRATA 1.636

RADIO COMMUNICATIONS SYSTEMS, SIDEBAND INTER-

MEDIATE FREQUENCY 1.221

RADIO EMISSION FROM CLOUDS 1.722

RADIO FACILITIES, MODULATION SYSTEMS, COMPARISON 1.850

RADIO INTERFERENCE, IGNITION SYSTEMS 1.732

RADIO NOISE, ATMOSPHERIC, STATISTICAL

CHARACTERISTICS OF 1.722

RADIO NOISE, NUCLEAR EXPLOSIONS 1.725

RADIO NOISE, TERRESTRIAL ORIGIN, VLF 1.722

RADIO RELAY LINKS, COMPARISON MODULATION METHODS 1.902

RADIO RELAY LINKS, MICROWAVE 1.662

RADIO RELAY LINKS, MULTI-SECTION, NOISE

ACCUMULATION IN 1.748

RADIO RELAY LINKS, PASSIVE REPEATERS 1.662

RADIO TELEGRAPHY 1.382

RADIO WAVE PROPAGATION, COAST LINE EFFECTS 1.635

RANDOM BINARY WAVES 1.314

RANDOM MODULATING SIGNALS, ANGLE MODULATION 1.231

RANDOM NOISE GENERATION, FUNDAMENTALS 1.119

RANDOM PROCESSES, COMPLEX GAUSSIAN, GAUSSIAN 1.112

RANDOM PROCESSES, FUNDAMENTALS 1.111

RANDOM PROCESSES, OTHER SPECIAL 1.114

RANDOM PROCESSES, SPECIAL DISTRIBUTIONS, TABLES

AND GRAPHS 1.117

RANDOM PROCESSES, STATIONARY 1.111

RANDOM PROCESSES, TIME STATISTICS 1.110

RANDOM SAMPLING PROCEDURE 1.418

RANDOM SIGNAL PROCESSES, DISTORTIONS 1.624

RANDOM SIGNALS, DISCRETE REPRESENTATIONS 1.142

RANDOM SURFACES 1.118

RANDOMIZATION, CONSTRAINED 1.111

RANDOMLY TIME VARIANT CHANNELS 1.130

RANDOMLY TIME-VARIANT LINEAR CHANNELS 1.611

RANDOMLY VARIABLE BINARY CHANNELS 1.312

RATING SYSTEMS, STANDARD COMMUNICATIONS 1.810

RAYLEIGH FADING CHANNELS 1.612

RECEIVER, IDEAL, DESCRIPTION 1.810

RECEIVERS, CORRELATION, DATA TRANSMISSION LINKS 1.373

RECEIVERS, DICON 1.332

RECEIVERS, EM WITH FEEDBACK 1.232

RECONSTRUCTIVE RE PEATERS 1. 522

RECORDING, TRANSMISSION ERRORS 1.659

RECTANGULAR DISTRIBUTION 1.117

RECTIFIED NARROW BAND NOISE 1.715

REDUNDANCY, GENERAL 1.122

REFLECTIONS, AIRCRAFT 1.635

REFLECTION CHANNELS, LUNAR 1.667

REFLECTIONS, D-LAYER 1.634



REFRACTIONVHFSIGNALS,IONOSPHERICHEIGHTS 1.645
REGENERATIVEREPEATERS 1.522
REGENERATORS,DIGITAL 1.522
RELIABILITY,COMMUNICATIONSMETHODS 1.810
REPEATERS,BI-POLAR,NEGATIVEIMPEDANCE,PCM,

RECONSTRUCTIVE,REGENERATIVE 1.522
REPRESENTATION,BANDLIMITEDSIGNALS 1.142
RESOLUTIONANDTELEMETRYACCURACY,PAM 1.420
HFPARAMETERS, PCM TELEMETRY SYSTEMS 1.573

RICIAN FADING CHANNELS, MULTI-CHANNEL 1.612

RIXON-SEBIT-25 DATA SYSTEM 1.343

ROBERTSHAW FULTON CONTROL CO., MULTILOCK DATA
SYSTEM 1.345

ROTATION SAMPLE DESIGNS 1.418

ROTATIONAL TRANSFORMATION, SIGNALS 1.317

ROUND THE WORLD SIGNALS (RTW) 1.644

g
SAMPLE DESIGNS, ROTATION 1.416

SAMPLE-HOLD-RESAMPLE PROCESSES 1.412

SAMPLES, TUNED VARIABLE RATE L470

SAMPLED, ANALOG, AND DIGITAL MODULATION SYSTEMS,

COMPARISONS THREE CLASSES 1.802

SAMPLED DATA SYSTEMS 1.470

MODULATION PROBLEMS 1.470

MULTIVARIABLE FUNDAMENTALS 1.470

SIGNAL DISTORTIONS 1.470

SAMPLED DATA TRANSMISSION, TIME SERIES ANALYSIS 1.411

SAMPLED SYSTEMS, TIMING ERRORS 1.410

SAMPLING, BAND-PASS, ERRORS, LINEAR DISTORTIONS 1.412

SAMPLING FM METIIODS 1.43

SAMPLING MODULATION, GENERAL 1.400

SAMPLING MODULATION METHODS, CONTROL SYSTEMS 1.47

SAMPLING MODULATION, NONLINEAR 1.418

SAMPLING MULTIPLEX MODULATION, FM CARRIER 1.933

SAMPLING, PROBABILITY TYPE, CONFIDENCE CRITERIA 1.414

SAMPLING PROBLEMS, OTHER 1.418

SAMPLING PROCEDURES, SAMPLING STATISTICAL

POPULATIONS 1.414

SAMPLING PROCESSES 1.414

SAMPLING, RANDOM, SPACE-TIME, SELECTIVE
AMPLITUDE 1.418

SAMPLING STATISTICAL POPULATIONS, SAMPLING

PROCEDURES 1.414

SAMPLING THEOREMS 1.412

SAMPLING, TUNED, UNEQUAL PROBALITY 1.414

SATELLITE LINKS, BEYOND LINE-OF-SIGIIT, SPECIAL

CHANNEL CHARACTERISTICS 1.675

SATELLITE EXPERIMENTS, IONOSPIIERIC STUDIES 1.639

SATELLITE EXPERIMENTS, VLF 1.642

SCATTER CHANNELS 1.666

ARTIFICIAL 1.666

GENERAL ANALYTICAL DESCRIPTION OF 1.661

GENERAL THEOI/Y 1.611

IONOSPHERIC 1.663
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IONOSPHERIC FORWARD

LOG-NORMAL PROBABILITY DISTRIBUTIONS

METEORIC

TROPOSPHERIC

VHF IONOSPHERIC

SCATTER COMMUNICATIONS, GENERAL

SCATTER SYSTEMS, DATA TRANSMISSION

DESIGN WIDEBAND

DESIGN INFORMATION

UHF

VHF

SCATTER TECHNIQUES, IONOSPHERIC EXPLORATION,
INCOHERENT

SCATTERING, METEOR TRAILS

SCATTERING TECHNIQUE, LIGHT MODULATED, FOR

DIFFRACTION FIELD MEASUREMENTS

SECO SYSTEM, MIT

SECOND ORDER STATISTICS, SPECIAL PROCESSES

SECURE COMMUNICATIONS TECHNIQUES, SPREAD
SPECTRUM SIGNALS

SEISMIC WAVE PROPAGATION

SELECTIVE AMPLITUDE SAMPLING

SEMI-ANALOG MODULATION

SEMI-ANALOG SYSTEMS, THEORY

SEMI-MARKOV PROCESSES

SENSITIVITY CONSIDERATIONS

SHORT WAVE FADEOUTS

SHORT WAVE PROPAGATION

SHORT WAVE PROPAGATION, ULTRA

SIDE STEPPING SYSTEMS

SIDEBAND ALGEBRA

SIDEBAND INTERMEDIATE FREQUENCY RADIO

COMMUNICATIONS SYSTEMS

SIGNAL ANALYSIS, GENERAL

SIGNAL AND NOISE DISTRIBUTIONS, PRACTICAL

SIGNAL CONTRAST

SIGNAL CORRELATION PROPERTIES

SIGNAL DISTORTIONS, TELETYPE

SIGNAL ENERGY CONTRAST

SIGNAL DISTORTIONS COMMUNICATIONS CHANNELS,

FUNDAMENTALS

SIGNAL DISTORTIONS, SAMPLED DATA SYSTEMS

SIGNAL PLUS QUASI-SINUSOIDAL NOISE

SIGNAL POWER CONTRAST

SIGNAL REPRESENTATIONS

SIGNAL SPACE

SIGNAL SPECTRA

SIGNAL THEORY

BOOKS, GENERAL PUBLICATIONS, REPORTS,
SURVEYS

CIRCUITS AND SYSTEMS

DIGITAL WAVEFORMS

SIGNAI,-TO-NOISE DENSITY RATIO

SIGNAL-TO-NOISE RATIO, CONCEPTS

SIGNAL-TO-NOISE RATIO, DEFINITION

SIGNAL TRANSFORMATIONS

1.663

1.611

1.665

1.664

1.663

1.660

1.661

1.661

1.661

1.664

1.663

1.639

1.665

1.639

1.344

1.117

1.316

1.636

1.418

1.400

1.410

1.113

1.411

1.633

1.644

1.645

1.334

1.146

1.221

1.142

1.117

1.711

1.144

1.382

1.810

1.621

1.470

1.716

1.810

1.142

1.141

1.145

1.14

1.140

1.146

1.311

1.810

1.810

1.711

1.143



SIGNAL TRANSMISSION, SUBSURFACE 1.636

SIGNALS

AMPLITUDE SPECTRA 1.145

BAND LIMITED, REPRESENTATION 1.142

COMPLEMENTARY 1.142

MULTI-EPOCH 1.317

MULTIPLE 1.317

OVERLAPPING 1.317

PHASE SPECTRA I.145

POLYNOMIAL-LIKE 1.314

PRODUC TS I. 142

RANDOM, DISCRETE REPRESENTATIONS 1.142

RANDOM MODULATING, ANGLE MODULATION 1.231
ROTATIONAL TRANSFORMATION 1.317

SPECTRA POWER DENSITY h145

TIME VARyiNG SYSTEMS 1.146

WIDE BAND, FSM 1.920

SIMULATION, PULSIVE NOISE 1.719

SIMULATION, RADAR CLUTTER 1.719

SIMULTANEOUS PHASE AND AMPLITUDE MODULATION

DATA SYSTEMS 1.383

SITE NOISE 1.732

SKEW DISTRIBUTION FUNCTIONS 1.117

SKIP ZONES 1.643

SMEARING-DESMEARING TECHNIQUES, MATCHED FILTERS 1.372

SMEARING TECHNIQUES, OVERLAPPING SIGNALS 1.317

SOLAR ACTIVITy, AS IONOSOPHERIC INFLUENCE 1.632

SOLAR BURSTS, FLARES 1.633

SOUNDING, STEP FREQUENCY BACKSCATTER 1.639

SOUNDING TECHNIQUES, OBLIQUE INCIDENCE 1.639

SPACE COMMUNICATIONS CHANNELS, LINKS, GENERAL 1.602

SPACE-TIME SAMPLING 1.418

SPECIAL PROCESSES, CHARACTERISTIC FUNCTIONS,
SECOND ORDER STATISTICS 1.117

SPECTRA

AMPLITUDE, SIGNALS 1.145

COMPLEX 1.145

DIGITAL WAVEFORMS 1.311

INSTANTANEOUS 1.145

POWER DENSITY, SIGNALS 1.145

PSEUDO 1.145

PULSE TRAINS 1.413

QUANTIZED SIGNALS 1.511

SIGNAL 1.145

SPECTRAL CORRELATION THEORY (USSR) 1.144

SPECTRUM FUNCTIONS, LIMITED (USSR) 1.145

SPEECH VOLUMES, TELEPHONE CIRCUITS 1.650

SPHERIC PULSES 1.722

SPORADIC E EVENTS 1.633

SPREAD-F EFFECTS 1.632

SPREAD-F EFFECT, EQUATORIAL 1.637

SPREAD SPECTRUM SIGNALS, SECURE COMMUNICATIONS

TECHNIQUES 1.316

SPREAD SPECTRUM TRANSMISSION SYSTEMS 1.920

SPREAD SPECTRUM WAVEFORMS 1.316

SPREADING TECHNIQUES, FREQUENCY 1.920

SQUARE-LAW SSB SYSTEM 1.223

SS/FM MODULATION 1.932

SSB, COMPATIBLE 1.223

SSB MODULATION, THIRD METHOD 1.223

SSB SYSTEM, KAHN 1.223

SSB SYSTEMS, DISTORTIONS 1.624

SSB SYSTEM, QUADRATIC, SQUARE LAW, SYNCHRONOUS 1.223

STANDARD AM 1.222

STATE TRANSITION FLOW GRAPHS 1.470

STATIC, PRECIPITATION 1.723

STATICS 1.723

STATIONARY NOISE, GENERAL 1.713

STATIONARY PROCESSES, NORMAL 1.112

STATIONARY RANDOM PROCESSES 1.I11

STATISTICAL ANALYSIS, GENERAL 1.110

STATISTICAL CHARACTERISTICS, PULSE TRAINS 1.413

STATISTICAL COMPUTATIONS, GENERAL 1.110

STATISTICAL DESCRIPTION, MODULATED SIGNALS 1.210
i

STATISTICAL INSTRUMENTATIONS 1.I 19

STATISTICAL INVESTIGATION, COMPUTER PROCESSES 1.119

STATISTICAL MATHEMATICS APPLICABLE TO MODULATION

AND CHANNELS, GENERAL l.l I0

STATISTICAL MATHEMATICS, RELATED TO SPACE

COMMUNICATIONS, OTHER 1.118

STATISTICAL POPULATIONS, EXPERIMENTAL EVALUATION 1.119

STATISTICS, MATHEMATICAL, TIME, RANDOM PROCESSES 1.110

STELMA (DI-PHASE PCM CABLE SYSTEMS) 1.342

STEP FREQUENCY BACKSCATTER SOUNDING 1.639

STOCHASTIC DISTORTIONS 1.119

STOCHASTIC PROCESSES, GENERAL 1.114

STOCHASTIC QUANTITIES, ALGEBRA OF I.ii0

STORAGE MEDIA, DISTORTIONS 1.628

STRIPLINE ALL-PASS NETWORKS 1.372

STUDENT IZ ATION 1.119

SUBMARINE TELEPHONE CABLES 1.653

SUBSCRIBER LOOP TESTING 1.659

SUPER-POSITION SIGNALS, SAME CHANNEL 1.317

SUPPRESSED CARRIER DSB AM 1.222

SUPPRESSORS, ECHO 1.654

SURFACE COMMUNICATIONS, OTHER CELESTIAL OBJECTS 1.680

SURFACES, RANDOM 1.118

SWEEP FREQUENCY PULSE SOUNDING 1.639

SWEPT FM 1.232

SWEPT FM TECHNIQUES 1.920

SWEPT FM WAVEFORMS, FM RAMP SIGNALS 1.316

SYNC SEARCH PROCEDURES 1.523

SYNCHRONIZATION, GROUP, PCM, PSEUDO-RANDOM

CODING 1.523

SYNCHRONOUS SSB SYSTEMS 1.223

SYNTHESIS, TRANSFER FUNCTION 1.146

SYSTEMS DESIGN, PCM TELEMETRY INSTALLATIONS 1.573

T
T-DISTRIBUTION 1.117

TANDEM LINKS, NOISE 1.748

TELEGRAPHY TRANSMISSION SYSTEMS 1.382

471



TELEMETERING ACCURACY 1.810

TELEMETRY AND COMMAND LINKS, PCM 1.572

TELEMETRY, COMPARISON MULTIPLEX MODULATION

METHODS 1.902

TELEMETRY SIGNALS, FM/PDM-AM 1.950

TELEMETRY SIGNALS, PCM-PC-PM 1.940

TELEPHONE

CABLES, SUBMARINE 1.653

CIRCUITS, SPEECH VOLUMES 1.650

CONVERSATIONS, ECHO AND TIME DELAY 1.626

ECHO TESTS 1.659

INFLUENCE FACTOR (TIF) 1.733

NETWORK, DATA TRANSMISSION, CAPABILITIES OF 1.650

TELE_rYPE SIGNAL DISTORTIONS, SYSTEMS (TTY), VOICE

FREQUENCY 1.382

TELEVISION SIGNAL PROPAGATION, CHARACTERISTICS 1.672

TERNARY DATA SYSTEMS 1.313

TERRAIN INFLUENCE, PROPAGATION 1.635

THEOREM, PRICE'S 1.111

THEOREM, WOODWARD'S, FM SPECTRA 1.623

THEOREMS, SAMPLING 1.412

THERMAL AGITATION NOISE, REVIEWS 1.702

THRESHOLD IMPROVEMENT, FM 1.232

THRESHOLD PROBLEMS, FM 1.232

TIF = TELEPHONE INFLUENCE FACTOR 1.733

TIME-CONTINUOUS CHANNELS 1.130

TIME-DISCRETE SYSTEMS, ANALYSIS 1.410

TIME-DISCRETE SYSTEMS, COMPANDING 1.418

TIME-DISCRETE SYSTEMS, MATHEMATICAL

FUNDAMENTALS 1.411

TIME FREQUENCY DUALITY 1.141

TIME FUNCTIONS, INTERPOLATION, PREDICTIONS 1.411

TIME INTERVAL MODULATION 1.444

TIME-INVARIANT CHANNELS, CHARACTERISTICS 1.621

TIME JITTER, PULSE COMMUNICATIONS 1.410

TIME-LIMITED FUNCTIONS 1.311

TIME-LIMITED ORTHOGONAL OUTPUTS, NETWORKS 1.315

TIME RESPONSE, CHANNELS 1.622

TIME SERIES ANALYSIS, SAMPLED DATA TRANSMISSION

SYSTEMS 1.411

TIME SERIES ANALYSIS, STATISTICAL PROBLEMS 1.110

TIME STABILITy, MULTIPATH JITTER 1.611

TIME STATISTICS, RANDOM PROCESSES 1.110

TIME VARIANT CHANNELS, COMPARISON MODULATION

SYSTEMS OVER 1.850

TIME-VARIANT COMMUNICATIONS CHANNELS, GENERAL

THEORY 1.611

TIME-VARIANT COMMUNICATIONS CHANNELS,

MEASUREMENTS, RECORDING, SIMULATION 1619

TIME VAIIYING SYSTEMS, SIGNALS 1.146

TIMING ERIIORS, SAMPLED SYSTEMS 1.410

TOTAl, NOISE, PCM SYSTEMS 1.510

TRADE WIND INVERSION, OCEANIC DUCTS 1.645

TRANSEQUATORIAL F-LAYER PROPAGATION 1.637

472

L,

TRANSEQUATORIAL HF PROPAGATION, LUNAR SEMI-
DURNAL TIDES 1.644

TRANSEQUATORIAL PATHS, EXTENDED, VHF
PROPAGATION 1.637

TRANSFER FUNCTION SYNTHESIS 1.146

TRANSFORMATION, CUMULANT 1.143

TRANSFORMATIONS, NONLINEAR, RANDOM PROCESSES 1.111

TRANSFORMATIONS1 SIGNAL 1.143

TRANSFORMATION SIGNALS, ROTATIONAL 1.317

TRANSFORMS

FOURIER 1.143

GENERAL INTEGRAL 1.143

HILBERT 1.143

LA PLACE 1.143

MELLIN 1.143

Z 1.143

TRANSIENT RESPONSE, TRANSMISSION CHANNELS 1.622

TRANSISTOR NOISE REVIEWS 1.702

TRANSMISSION CHANNELS

DISTURBANCES 1.7

NOISE IN 1.7

TRANSIENT RESPONSE 1.622

TRANSMISSION CIRCUITS

AMPLITUDE FREQUENCY CHARACTERISTICS 1.651

EXPERIMENTAL EVALUATION 1.655

IMPULSE RESPONSE 1.651

TRANSMISSION ERRORS, RECORDING 1.659

TRANSMISSION, FUNDAMENTALS PULSE 1.621

TRANSMISSION LEVELS, STANDARD 1.651

TRANSMISSION LINES, MULTI-MODE 1.655

TRANSMISSION LOSSES 1.651

TRANSMISSION MEDIA AND COMMUNICATIONS CHANNELS,

COMMON ASPECTS, COMPARISONS 1.600

TRANSMISSION MEDIA, SURVEYS, IMPORTANCE SPACE

LINKS 1.602

TRANSMISSION PLANT FACILITIES, CHARACTERISTICS 1.654

TRANSMISSION RATE, DEFINITION 1.810

TRANSMISSION RATES 1.130

TRANSMISSION SIGNALS, CHIRPED 1.920

TRANSMISSION SYSTEMS

ANALOG, FOR DIGITAL DATA 1.820

BINARY, ANALYSIS 1.312

SPREAD SPECTRUM 1.920

TELEGRAPHY 1.382

TRANSMISSION TECHNIQUES, SURVEYS 1.100

TRANSMISSION WAVEFORMS, BINARY SEQUENCES 1.314

TRANSPOSITION SYSTEMS, OPEN WIRE LINES 1.652

TRIANGULAR PULSE WAVEFORMS 1.482

TRIGONOMETRIC FUNCTIONS, ORTHOGONAL POLY-

NOMIALS PRODUCTS 1.315

TRIPLE FM MODULATION 1.932

TRIPULSE, MATCHED FILTER RESPONSE TO DIPULSE 1.372

TROPOSCATTER CIRCUITS, DIGITAL TRANSMISSION 1.664

TROPOSPHERE, CHARACTERISTICS 1.634

TROPOSPHERIC SCATTER CHANNELS 1.664

TRUNCATION ERRORS 1.412

TTY SYNCHRONIZATION PROBLEMS, SPECIAL, SYSTEMS 1.382



TUNED CIRCUIT DISTORTIONS, FM SIGNALS 1.623

TUNED SAMPLING 1.414

TUNED VARIABLE RATE SAMPLES 1.470

TURBULENT MEDIA, PHASE DIFFERENCE FLUCTUATIONS 1.626

TURBULENT NOISE 1.724

TWO-CHANNEL SYSTEMS 1.714

TWO-STATE MODULATION, pWM-PFM

TWO-WAY CHANNELS, GENERAL 1.130

U
UHF SCATTER SYSTEMS 1.664

ULTRA SHORT WAVE PROPAGATION 1.645

UNCERTAINTY FUNCTION, WOODWARD'S 1.141

UNCERTAINTY PRINCIPLE 1.141

UNDERGROUND COMMUNICATIONS 1.636

UNDERWATER CABLE FACILITIES, CHARACTERISTICS 1.653

UNDERWATER PULSE PROPAGATION 1.636

UNITS, NOISE 1.711

UNITY-BIT CODING METHOD 1.533

V
VARIANCE ESTIMATES, MINIMAL 1.111

VECTOR SEQUENCE CONCEPT 1.411

VELOCITY MODULATION, PROPAGATING WAVES 1.260

VERTICAL INCIDENCE, FADING PERIOD 1.632

VESTIGIAL SIDEBAND DATA SYSTEMS 1.324

VESTIGIAL SIDEBAND MODULATION 1.224

VHF

IONOSPHERIC SCATTER CHANNELS 1.663

SCATTER SYSTEMS 1.663

SIGNALS, REFRACTION OF, AT IONOSPHERIC

HEIGHTS 1.645

VHF-UHF PROPAGATION 1.645

VHF

INTERPLANETARY COMMUNICATIONS 1.642

PROPAGATION i.642

PROPAGATION, ARCTIC 1.637

PROPAGATION, MODE THEORY 1.642

PROPAGATION, NONRECIPROCAL EAST WEST 1.642

PROPAGATION, OFF PATH 1.645

PROPAGATION, PHASE VARIATIONS 1.626

PROPAGATION, TRANSEQUATORIAL 1.637

RADIO NOISE L722

SATELLITE EXPERIMENTS 1.642

WHISTLER OBSERVATIONS, FIVI TECHNIQUES 1.639

VOICE CHANNELS, COMPARISON MODULATION METHODS

OPERATING OVER 1.840

VOICE CHANNELS, EXPERIMENTAL PCM SYSTEMS 1.572

VOICE FREQUENCY TELETYPE SYSTEMS 1.382

VOICE TRANSMISSION CIRCUITS, CHARACTERISTICS 1.650

W
WAVE BANDS, COMPARISON PROPAGATION EFFECTS 1.639

WAVE BANDS, SPECIAL, PRACTICAL PROPAGATION
CHARACTERISTICS 1.64

WAVE BANDS, MEDIUM 1.643

WAVE PROPAGATION CHARACTERISTICS NEAR EARTH'S

SURFACE 1.635

WAVEFORMS

DIGITAL, SIGNAL THEORY 1.311

DIGITAL SPECTRA 1.311

ENVELOPE MODULATED, PEAK TO AVERAGE
POWER RATIOS 1.221

FT DODGING 1.334

LIFMOP 1.316

LOGARITHMIC PHASE MODULATION 1.316

MODULATED AUTOCORRELATION FUNCTIONS 1.210

MODULATED 1 ENVELOPE PROCESSES . 1.221

MULTIPLE SIGNALS I.317

NOISE COMMUNICATION SYSTEMS 1.316

ORTHOGONAL FUNCTION EXPANSIONS 1.311

ORTHOGONAL, SPECIAL SETS 1.315

REAL, ENVELOPES AND PRE-ENVELOPES 1.142

SPREAD SPECTRUM 1.316

TRIANGULAR PULSE 1.462

WAVEGUIDE PLANTS, LONG DISTANCE, CHARACTERISTICS

OF 1.655

WAVEGUIDES, DISPERSION 1.655

WAVES, PROPAGATING IN VELOCITY MODULATION 1.280

WAVES, RANDOM BINARY 1.314

WEIGHTED PCM 1.518

WEST FORD CHANNELS, PROJECT 1.666

WEST FORD PROJECT, DOPPLER EFFECTS 1.613

WHISTLER MODE PROPAGATION, MAN-MADE SIGNALS 1.642

WHITE GAUSSIAN NOISE 1.712

WRITE NOISE, INTEGRATED 1.715

WIDE SENSE MARKOV PROCESSES 1.113

WIDEBAND CARRIER SIGNALS 1.316

WIDEBAND NON-GAUSS]AN NOISE I.'713

WIDEBAND MODULATION METHODS 1.920

WIDEBAND SCATTER SYSTEMS, DESIGN 1.661

WIDEBAND SIGNALS, FSM, PN SEQUENCES 1.920

WIENER-KOPF EQUATIONS 1.143

WIRE, FIELD 1.652

WOODWARD'S THEOREM, FM SPECTRA 1.623

WOODWARD'S UNCERTAINTY FUNCTION 1.141

WT PRODUCT, DIGITAL WAVEFORMS 1.311

7'
Z-TRANSFORM 1.411

1.143

ZERO-CROSSING PROBLEM

GAUSSIAN PROCESSES 1.112

GENERAL 1.111

PROBLEM 1 NORMAL NOISE 1.712

¢_ U.S. GOVERNMENT PRINTING OFFICE : 1965 O - 774-628

473


